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ABSTRACT
An Evaluation of Small Mammal Populations 
in the Las Vegas Wash
by
Jessica Larkin
Dr. Shawn Gerstenberger, Examination Committee Chair 
Associate Professor of Environmental and Oeeupational Health 
University of Nevada, Las Vegas
Capture frequency, diversity, riehness, and population estimates of small 
mammals was measured in three distinct habitat types (Creosote, Saltbush, Tamarisk) in 
the Las Vegas Wash. For each habitat, the population estimates were analyzed by 
speeies. Capture frequency, diversity, riehness, and population estimates were compared 
to ambient air temperature for twelve consecutive months. Fluctuations in small mammal 
populations appear to be greatly dependent on temperature. Neotoma lepida and 
Peromyscus eremicus appear to be dependent on Tamarisk communities; whereas, 
Chaetodipus spp. appears to be very adaptable and was captured in all habitats. 
Dipodomys merriami and Perognathus longimembris had the highest population 
estimates in Saltbush and Creosote, respectively. Accordingly, management strategies 
for the Las Vegas Wash should include eonsideration of the small mammal populations 
that reside in non-native vegetation, which was previously was thought to be unsuitable 
habitat. The data presented herein provide evidenee that several small mammal species 
utilize Tamarisk a suitable habitat.
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CHAPTER 1
INTRODUCTION
Background
The Las Vegas Wash (Wash) is located in the southeast portion of Clark 
County, Nevada. The Wash flows from the city of Las Vegas to Lake Mead and 
serves as drainage for the entire Las Vegas Valley. The major water sources that 
contribute to the Wash are comprised of urban runoff, stormwater, shallow ground 
water and reclaimed water (Las Vegas Wash Coordination Committee, 2003). Water 
flow through the Wash has increased substantially with the growing population of Las 
Vegas to over 1,600,000 residents in the year 2003 (Center for Business and Economic 
Research, 2003). As a result of the increase in population, water flow has increased; 
however, the primary water source has also changed and is now mainly composed of 
reclaimed water. The Wash acts as a filter in cleaning natural and urban pollutants 
before the water is deposited into Lake Mead.
The Wash is a wetland in the Mojave Desert consisting of many different 
habitat types, and is also home for a variety of terrestrial and aquatic plant and animal 
species. The Wash contains native desert plant species including Creosote {Larrea 
tridentatd). Four Wing Saltbush (Atriplex canescens). White Bursage (Ambrosia 
dumosa) and other low-lying shrubs. The Wash is infested by non-native, invasive 
plant species, particularly Tamarisk (Tamarix ramosissima), and as of the year 2000,
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80% of the vegetation in the Wash is dominated by Tamarisk (Las Vegas Wash 
Coordination Committee, 2003). Other non-native species include Tall Whitetop 
(Lepidium latifolium) and Giant Reed (Arundo donax), both of which have been 
targeted by the Las Vegas Wash Coordination Committee (LVWCC) for eradication.
The Wash has undergone vegetative changes for many years as a result of both 
natural and anthropogenic activities. These changes, coupled with increasing human 
population growth, have encouraged the growth and spread of T. ramosissima, also 
known as Tamarisk. Increased recreational use of the Wash has physically fragmented 
vegetative habitats with numerous paved and dirt roads. Partly due to these changes, 
habitats available to small mammals have been drastically altered.
Small mammals depend on many specific habitat requirements including, but 
not limited to, vegetation type and eover. Plant communities also depend on water 
availability and competition with other plant and animal species. As topography of 
the Wash has changed, floral and faunal population dynamics have also changed.
With plans for restoration by the LVWCC, these populations will experience further 
alteration causing populations of small mammals to adjust accordingly. The effects of 
these repeated disturbances to vegetation have not been evaluated with regard to small 
mammal populations.
To address these changes on small mammal populations in the Wash, two areas 
located north of the Wash were identified as general trapping locations each divided 
into three distinct habitat types creating a total of six distinct arrays (Fig. 1). This 
research seeks to investigate these distinct habitat types in the Wash with regards to 
small mammal populations. Within these habitats, diversity, richness, abundance, and
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population estimates of small mammals residing in the six arrays will be determined 
and compared. These data will be matched to historic populations of small mammals, 
where available, and used to quantity potential impacts of the vegetative changes.
 ^ Las Vegas Wash 
Small Mammal Transect Sites
■ ■ .
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Aerial photograph provided by the Las Vegas Wash Coordination Committee (2002). 
Fig. 1. Aerial map of the study area o f the Las Vegas Wash.
Main habitat classifications were identified as the following: 1) Creosote 
community, 2) Saltbush community and 3) Tamarisk community. The target animal 
species consist of non-game, nocturnal small mammals, specifically the Merriam’s 
kangaroo rat {Dipodomys merriami), desert pocket mouse {Chaetodipus penicillatus), 
long-tailed pocket mouse {Chaetodipus formosus), little pocket mouse {Perognathus 
longimembris), cactus mouse {Peromyscus eremicus), house mouse {Mus musculus), 
and desert woodrat {Neotoma lepida).
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Purpose of Study
The purpose of this study is to identify and sample populations of small 
mammal species to determine and compare habitat preferences, species diversity, and 
population estimates in three distinct habitat types in the Wash. The Wash has 
previously been surveyed for reptiles, birds and plant species (Las Vegas Wash 
Coordination Committee, 2003); however, species presence and population estimates 
for small mammals are still relatively unknown. Because the Wash is undergoing 
extensive vegetative management, habitats will change, but the influences of such 
changes on small mammals have not been evaluated. This study will aid in evaluating 
current strategies and management implications of large-scale plant eradication on 
small mammal populations.
Results of the small mammal survey will be analyzed to fill existing gaps in 
the understanding of the basic ecology of the Wash. With information regarding the 
current small mammal populations, management agencies will be able to better plan 
restoration and management of the area. Re-vegetation plans will change the habitats 
and possibly alter the small mammal populations; therefore, this study will be 
available for use as baseline data in further studies to indicate any population changes 
before and after the proposed vegetative restoration
This study will first determine the monthly ambient air temperature for an 
overall representation of the environment throughout the year. Capture frequencies 
will then demonstrate the percentage of captures to available traps in each habitat. 
Diversity and richness will provide additional information regarding the habitats and
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the location of specific small mammal species. Population estimates will demonstrate 
species-specific information pertaining to each habitat by month and temperature.
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CHAPTER 2
LITERATURE REVIEW 
Vegetation and Habitat Types 
The visual habitats selected in the Las Vegas Wash contain an array of 
common southwest desert plant species that are native to the Mojave Desert. As stated 
earlier, these speeies include L. tridentata, A. canescens, A. lentiformis, A. dumosa, 
and T. ramosissima. The two general trap areas. Area 1 and Area 2, are located 
approximately two kilometers apart and eonsist of three distinet habitat types: hard- 
rocky-desert floor with sparse vegetation and caeti, soft-sandy soil with desert serub, 
and sandy soil with dense tamarisk invasion.
Herndon (2004) analyzed the dominant vegetation, pereent litter, average litter 
depth, vegetation density, vegetation canopy, bareground and distance to ecotone for 
the three different habitat types in Area 1. The three habitats are deseribed as follows: 
The Creosote communities consisted of several plant species including L. tridentata,
A. dumosa. Mormon Tea {Ephedra nevadensis), A. canescens and was classified as a 
Creosote eommunity. The Saltbush communities also consisted of many species 
including A. canescens, A. dumosa, A. lentiformis and Tumbleweed {Salsola tragus) 
and were elassified as a Saltbush community. The Tamarisk communities were 
dominated by T. ramosissima but also contained A. canescens and A. lentiformis and 
were elassified as a Tamarisk community.
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Differences between the three habitats were apparent with regard to percent 
litter, average litter depth, vegetation density, vegetation canopy and distance to 
ecotone boundaries. Though close, the percent bareground was not statistically 
significant, but a difference was observed, starting at Creosote, an increase to 
Saltbush, and on to Tamarisk communities was found. Percent litter, average litter 
depth, and vegetation canopy increased from the Creosote to Saltbush and highest in 
Tamarisk. Distance to ecotone boundaries increased from Tamarisk to Saltbush, and 
continued to rise in Creosote communities (Herndon, 2004). This investigation 
established that the three habitats are biologically different.
Life History of Small Mammals 
Dipodomys merriami 
Dipodomys merriami is a member of the family Heteromyidae, with a mass of 
approximately 42g (Reichman & Van de Graaff, 1973). The most distinct 
characteristics of this family are external cheek pouches. Dipodomys merriami is 
found throughout the southwestern North American deserts in desert scrub, Joshua 
tree and Pinyon-Juniper communities (Brylski, 1990), and specifically L. tridentata 
communities in the Mojave Desert (Beatly, 1976). Microhabitat preference is 
characterized by fine to coarse sandy soils (Beatly, 1976; Hall, 1946) sometimes with 
an upper layer of gravel (Bradley & Mauer, 1971). Low shrub cover is also 
characteristic of D. merriami habitat (Beatly, 1976), with borrows at the bases 
(Brylski, 1990).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Dipodomys merriami is nocturnal, active year round (O'Farrell, 1974) and 
“aggressively solitary” (Brylski, 1990). Water is obtained or metabolized from food. 
D. merriami are classified as granivores. In a study conducted in Clark County, the 
seeds found in stomachs were mostly from grasses and Creosote seeds (Bradley & 
Mauer, 1971). In contrast. Chew and Chew (1970) found mostly Creosote seeds in a 
population off), merriami in Arizona. Reynolds (1950) recorded shrub seeds as the 
main food source with very few leaves and stems. Bradley and Mauer (1976) found 
succulent vegetation to be 30% of the diet during spring months. This was assumed to 
be for increased water intake during highest reproductive months. Active reproduetive 
age is less than two months, and the average litter size is 2.6 offspring (Bradely & 
Mauer, 1971). Moreover, the life span is approximately 4 years (French et al., 1967)
Chaetodipus formosus 
Chaetodipus formosus is found in areas of varying shrub cover, with coarse, 
gravely soil being the most important characteristic of its microhabitat. The long­
tailed pocket mouse is classified as granivorous, but will opportunistically feed on 
green vegetation and insects (French et al., 1974). Water is mostly obtained from 
green vegetation (Brylski, 1990). The long-tailed pocket mouse is nocturnal and 
experiences a decrease in activity during winter months (French et al., 1967). It is also 
found to be sympatric with N. lepida, D. merriami, and P. longimembris (O’Farrell, 
1974). Average litter size is 5 offspring, life span is approximately 4 years, and 
maturity is reached after 1 year (French et al., 1974).
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Chaetodipus penicillatus 
C. penicillatus is often found in desert washes and a variety of desert scrub 
communitwies (Brylski, 1990). Preferred areas contain moderate vegetation cover (45 
cm), avoiding large clearings (8 m radius; Rosenzweig, 1973). Chaetodipus 
penicillatus burrows in sandy, silty soils (Hoover et al., 1977). This species weighs an 
average of 18 grams, and is considered a grainivore with a diet consisting of mostly 
seeds with 5% or less of leaves and stems (Reynolds & Haskell, 1949). Chaetodipus 
penicillatus is considered nocturnal, while hibernation is debatable. Hall (1946) 
trapped and caught this species all year round, stating they do not hibernate, while 
Reynolds and Haskell (1949) stated capture rate seasonally decreased, but a few 
animals were always present. Competitors include other heteromyids, especially D. 
merriami, and critetids, which include the genus Peromyscus (Brylski, 1990). In 
southern Arizona, breeding occurs in the spring and summer months. Pregnant 
females were found in May through September, with two to four young, territory was 
0.3 - 0.6 acres, no animals were trapped December to February and population size 
averaged one animal per three acres (Reynolds & Haskell, 1949).
Perosnathus lonsimembris 
Perognathus longimembris is the smallest rodent in Nevada, averaging a 
weight of 7 grams (Kenagy, 1973), and is often found in desert scrub habitats with 
widely spaced and low growing shrubs (Hall, 1946). Perognathus longimembris 
burrows in fine, sandy soils, but is also found in firmer soils with an upper layer of 
pebbles (Hall, 1946). It is considered a grainivore, and consumes green vegetation 
during spring months (Bradley & Mauer, 1973). Perognathus longimembris is a
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nocturnal species, active only during the months of April through September 
(O’Farrell, 1974). In a study by Kotler (1984), when D. merriami is placed in a 
location that is favorable to both species, P. longimembris was displaced, indicating 
dominance of D. merriami.
Peromyscus eremicus 
The cactus mouse {Peromyscus eremicus) is often found in desert scrub, desert 
wash and riparian areas (Veal & Carie, 1979). Its microhabitat consists of more rocky 
soils than Heteromyids (Reichman & Van de Graff, 1973). Vegetation cover 
preference is usually moderate to dense (Bradley & Mauer, 1973). Peromyscus 
eremicus is classified as an omnivore with a diet consisting of green vegetation, seeds, 
fruit, flowers and insects (Reichman & Van de Graff, 1973). Peromyscus eremicus is 
nocturnal and maintains a stable yearly activity pattern (Reichman & Van de Graff, 
1973). Its population density has been considered unstable by Chew and Chew 
(1970).
Neotoma lepida
Neotoma lepida is a very adaptable rodent, found in a diverse number of 
habitat types such as desert scrub communities, oak woodlands, mixed chaparral 
communities, and forests (Cameron & Rainey, 1972). Neotoma lepida builds nests 
from natural debris, utilizing nearly anything available in the habitat to store seeds, 
berries, leaves, and flowers. Neotoma lepida is considered herbivorous feeding on 
fruit, seeds, bark leaves, buds, and young shoots (Cameron & Rainey, 1972). The 
predominantly nocturnal activity occurs throughout the year, and competitors are
10
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critetids and heteromyids (Brylski, 1990). Neotoma lepida is dependent on density of 
vegetation (Brown et al., 1972).
Mus musculus
Mus musculus is commonly found near human habitation and not as frequently 
in natural communities. Given that the Wash contains human garbage, it would be 
expected to find these rodents living within the area of study. Mus musculus is often 
found in areas of high cover, such as buildings and vegetation. It feeds on a wide 
variety of food and does not require free standing water only when moist food is 
available (Brylski, 1990).
11
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CHAPTER 3
METHODS AND MATERIALS 
Field Methods
Two areas north of the Las Vegas Wash were chosen for different habitat 
types, specifically dominant vegetation and soil type. These areas were based on 
ocular estimates of dominant vegetation. The two different areas are approximately 
two kilometers apart. Three communities were identified and classified as Creosote, 
Saltbush, and Tamarisk for a total of six arrays. Soil type was also taken into 
consideration when identifying the habitat types. Creosote dominated areas contained 
mostly hard and rocky soils, while Saltbush dominated areas, usually located in wash 
areas, consisted of fine sandy soils; however. Tamarisk areas contain mostly foliage 
with some sandy soils.
A small mammal mark-recapture survey was conducted from July 2002 to June 
2003. Five consecutive nights of trapping began on the third Wednesday of each 
month. Fifty Sherman live traps (8 cm. x 8 cm. x 30 cm.) were placed in line transects 
with each trap approximately 1.0-1.5 meters apart. Three line transects in two areas 
yielded a total of 300 traps per night. There were 60 nights of trapping (five times a 
month for 12 months) for a total of 18,000 trap nights. The traps in each array were 
numbered (1-50) to simplify trap management.
12
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Traps were set at sunset and checked at sunrise, with exeeptions during the 
colder months. During the coldest months (November through April) traps were set a 
few hours before the sunset and opened around midnight to minimize trap deaths due 
to freezing.
Each trap was opened, filled with cotton and bait; the bait consisted of mixed 
birdseed and oats. Traps remained at the sites throughout the week and in the evenings 
each were set and baited again. At the end of each trap week, traps were removed 
from the sites and flags remained in place to mark each trap location for the following 
months.
Target animal species included nocturnal small mammals, specifically D. 
merriami, C. penicillatus, C. formosus, P. longimembris, P. eremicus, M. musculus, 
and N. lepida. Trapped animals were placed in a clear, plastic bag for ease of 
handling. For every animal, the species was identified using a key based on field 
identification characteristics and verified with voucher specimens at the Nevada State 
Museum of Natural History. Fate was recorded as new capture, recapture, or dead. 
New capture consisted of any animal not previously tagged, while recapture consisted 
of previously tagged animals. Dead animals in traps were recorded and their status 
regarding new capture or recapture was indicated. Any deceased rodents were brought 
back to Dr. Shawn Gerstenberger’s toxicology laboratory for use as voucher 
specimens and further analysis.
Every new capture was tagged in accordance with UNLV Animal Use and 
Care Protocol (R993-0102-165) with numbered, self-piercing tags; tag numbers were 
recorded serving as the identification number for each individual animal. If an ear was
13
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not suitable for tagging, a zero was used in place of a number to indieate it was never 
tagged. If both ears were unable to be tagged, the tail and dorsal side of the animal 
were colored and numbered with a non-toxic marker. Animals unable to be tagged 
were only used for each individual month’s data analysis as the color and numbers 
wore off, rendering them unsuitable for the month-to-month analyses. For tag losses, 
an “X” was recorded to indicate a previously tagged animal. The identification 
number, however, remained the same for the individual when possible.
All animals were measured and sex was determined the first time they were 
caught for every month. Standard museum morphological measurements of total 
length (mm), tail length (mm), ear length (mm), and hind foot length (mm) were taken 
with a ruler and mass (g) was taken with a hand held Pesola scale. All data collected 
in the field were recorded and entered into Exeel spreadsheets, one for each month. 
From these worksheets, data were easily sorted and arranged to separate by array, 
species and individuals.
Statistical Analysis
Data and statistical analysis consists of six sections including; descriptive 
measurements, ambient air temperature, capture frequency, diversity, richness, and 
population estimation.
Descriptive Data
Body length (mm), tail length (mm), total length (mm), ear length (mm), hind 
foot length (mm), and mass (g) were recorded in the field for each individual at the 
first capture for each month. From these data, averages, standard error, and range are
14
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obtained for each species. Only individuals that were tagged are used in analyses and 
only from the first measurement to avoid repeated measurements from the same 
individuals in the data. For each species, measurements were sorted into male, female, 
and juvenile. Juveniles were separated from the adults according to field notes 
identifying them as a juvenile
Ambient Air Temperature
Ambient air temperature was taken from a weather station’s arehives at the 
Regional Flood Control District (2005). Temperatures were averaged during the hours 
of open trap times for each month. Air temperature is used to observe trends in each 
habitat and each species’ activity in relation to temperature.
Capture Freauencv
Capture frequency is calculated for all targeted species in each habitat, month, 
and year using a measure of sprung traps, available traps, and % of the sprung but 
empty traps (SBE). In cases where traps were defective, tampered with, blown over 
by high winds, or non-target organisms were caught, these traps were removed from 
the total number of available traps. Frequency of capture is expressed as percentage of 
target small mammal species captured to number of traps available with SBEs 
calculated.
Diversitv
Data is sorted by month, area, array, and species. Simpson’s diversity index 
(1-D) is used to compare diversity between all areas and habitats for each month. A 
jackknife procedure is used to obtain confidence limits to correct underestimation. 
Escaped animals are not counted as an individual or unique animal and consequently
15
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are not included in the estimate. The twelve monthly diversity indexes are used to 
calculate a monthly average, standard error and range for each area and array. An 
annual diversity index, using Simpson’s diversity index (1-D) with jackknife 
procedures, will be calculated for the year’s data, collectively. Average monthly and 
annual diversity will be used to determine the habitat with the greatest diversity. 
Monthly estimates of diversity will be used to demonstrate those months and 
temperatures with greatest diversity.
Richness
Species richness measures the number of species in a community. Owing to 
the simplicity of a mammal community relative to the complexity of invertebrate or 
fish communities, richness is calculated using a simple count (Krebs, 1999). Each 
area and habitat was analyzed separately for each month and a monthly average was 
calculated including standard deviation and range. The annual richness was calculated 
using the richness, or number of species, for the entire year’s data. Estimates of 
richness are analyzed using a G statistic test to evaluate the observed values and 
expected values.
Population Estimation 
Two methods to analyze population estimates were used for each species in each array 
by month are: 1) Closed population method and 2) Robust population method. These 
hypotheses are statistically tested in two ways; the first using closed population 
estimates and the second using a robust method, consisting of both open and closed 
methods. The closed and robust population methods produce an estimate for each 
species in each habitat for each month but are analyzed differently. The advantage of 
the using the closed method is the ability to use encounter history of animals that
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experienced tag loss. The advantage of using the robust method is that it utilizes each 
individual’s encounter history for the entire year allowing for adjustments based on 
survival rate, emigration, and immigration between months.
Closed Population Method
The closed population estimates use data sorted by month, area, array, and then 
by species (as the population estimation for each species is sought). Chaetodipus 
penicillatus, C. formosus and C. spp are combined into C spp due to the 
morphological similarity especially as juveniles. Monthly estimates/encounters will 
be treated as independent trapping sessions. The encounter history of individuals will 
be a unique set for each month, as actual individual animals will not be consistent 
throughout all twelve months. All tagged and painted animals, as the painted 
individuals could be tracked through the five-day trapping period, are included in the 
closed population estimation. The best-fit model using program CAPTURE, 
incorporated into program MARK (White & Burnham, 2000) is used to determine the 
population estimate for each species within each month and in all habitats of both 
areas. Program CAPTURE calculates a closed population estimate for each month 
and assumes no births, deaths, immigration, or emigration. When no estimator was 
calculated, the minimum number known alive (MNKA) (Cross & Wasser, 2000) is 
recorded. MNKA, population estimate, model used by program CAPTURE, standard 
error, confidence interval, and probability likelihood interval is recorded when 
appropriate. Escaped animals are not used in the calculations.
Individuals of the same species with unique numbers were entered into 
Notepad as an ‘inp’ file, for the five day trapping period (eg. “00011 1”, five days of
17
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trapping, three of which were no capture, two captured, for one individual). The 
twelve monthly estimates are then used to create an average monthly estimate, 
standard error, and range. A table is used to illustrate monthly and average monthly 
population estimates. The monthly population estimates are analyzed as a count 
analysis using standard methods of log-likelihood (Zar, 1999), where monthly 
estimates are used as observed frequencies (with the assumption of no error). 
Contingency analyses are calculated with the log-likelihood ratio (G -  Statistic).
Robust Population Method 
For the robust design, population estimates are analyzed using closed and open 
population models to obtain a population estimate for each month by species and 
array. The five consecutive trap nights are trapping sessions and are considered closed 
encounter occasions. In contrast, the time between trapping sessions allow for births, 
deaths, immigration and emigration therefore an open population design is 
appropriate. As with the closed population method, C  penicillatus, C. formosus and 
C. spp are all labeled as the pocket mouse (C. spp). Each animal with a unique 
identification, sorted by species, is analyzed for the year for each habitat. Escaped 
animals are not included. Using program MARK, the robust design model is used to 
incorporate closed population methods and the Jolly-Seber method (open population) 
to determine population estimates for each species in each area. Each individual 
animal, those with a unique identification number, has an encounter history recorded 
for the twelve months of trapping. Like the closed population method, in the robust 
design, each species for each area has a population estimate for each month. These 
twelve estimates are used to create a monthly average, standard error, and range.
18
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Survivability, emigration, and immigration are calculated into this estimate, owing to 
the fact that open population methods are incorporated. These population estimates 
will then be analyzed as a count analysis, where annual estimates are used as observed 
frequencies (with the assumption of no error).
Hypotheses
Knowing the current plant and animal species in the Wash and conducting a 
brief survey of their natural history led to the following hypotheses:
Temperature
Hypothesis 1. Capture frequency, diversity, richness, and population estimates for 
all species and all arrays will be greatest in the warmest months.
These results should show specific trends in activity with regard to 
temperature. The literature states that most of these animals hibernate during 
cold temperatures leading to the hypotheses that these species are most active 
in the warmer months.
Capture Frequencv
Hypothesis 2. Frequency of capture will be highest in the Saltbush communities 
in each area.
It is expected that the Saltbush community is in close enough proximity to the 
other habitats and has a diverse enough vegetative and soil habitat to support 
most species and will therefore capture the most individuals.
Diversitv
Hypothesis 3. Small mammal diversity will be greatest in Saltbush communities
19
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in each area.
Like capture frequency, the Saltbush community is expected to support most 
species therefore, diversity is expected to be greatest in this ecotone.
Richness
Hypothesis 4. Richness will be greatest in the Saltbush communities in each area.
The Saltbush community lies between the Creosote and Tamarisk communities 
each of which have the least and most shrub cover and litter, respectively. The 
Saltbush community would be able to support the highest number of species.
Population estimates 
Both closed and robust small mammal population estimates will differ for each 
species between habitats (Creosote, Saltbush and Tamarisk communities of each area) 
and will differ within habitats by month. Testing against the null hypothesis, 
population estimates for each will be equal for each month and will be equal for each 
array.
Hypothesis 5(a). Population estimate for D. merriami will be the highest in Saltbush 
communities in each area.
This species is bipedal and requires low shrub cover for locomotion, however 
still requires cover for protection.
Hypothesis 5(b). Population estimate for P. eremicus will be highest in Tamarisk 
communities in each area.
This species is often found in habitats with high shrub cover.
Hypothesis 5(c). Population estimate for TV. lepida will be highest in Tamarisk 
communities in each area.
20
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This species also is found in habitats of high shrub cover and their known habit 
of building middens of litter, Tamarisk is also an area of high litter cover. 
Hypothesis 5(d). Population estimate for C. spp. will be highest in Saltbush 
communities in each area.
This species can be found in different habitat types, specifically sandy deserts 
to rocky areas, the Saltbush community is one located between the other two 
vegetative habitats.
Hypothesis 5(e). Population estimate for P. longimembris will be highest in Creosote 
communities in each area.
Literature states that this species prefers sagebrush and grasses, implying 
saltbush as the preferred vegetative habitat, however, it is easily displaced by 
the presence of D. merriami.
21
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CHAPTER 4
RESULTS 
Meristic Data
Meristic data for each species of small mammal captured was categorized into 
males, females and juveniles and is summarized in Appendix I. Measurements were 
body mass (g), total length (mm), body length (mm), tail length (mm), ear length 
(mm) and hind foot length (mm). For each measurement the average, standard 
deviation, range and sample size is also recorded.
Because measurements used for analysis coincide with each individual’s first 
capture, the sample size recorded also represents the number of individuals captured 
and tagged throughout the study. The two species of small mammals with the highest 
number o f individuals captured were C. spp. and P. eremicus with 199 and 167 
individuals, respectively. The lower numbers of individuals were D. merriami (53), N. 
lepida (43), and P. longimembris (30). The fewest number of individuals for any 
species captured was M. musculus with seven individuals for all areas over the entire 
study.
Ambient Air Temperature
Ambient air temperature will be presented in conjunction with the data 
observed within each of the following sections (capture frequency, diversity, richness.
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and population estimates). Consistent with the hypotheses, clear trends are observed. 
The ambient air temperatures (°C) are represented for all three arrays and two areas 
(Fig. 2).
Ambient Air Temperature
S  20
Jul Aug Sept Oct Nov Dec Feb JunJan Mar Apr May)
Month
Fig. 2. Ambient air temperatures recorded from a weather station near the trapping 
locations.
Capture Frequency 
Capture frequency represents the number of animals captured divided by the 
number of traps available, expressed as a percentage. The capture frequency of all 
targeted species combined for each trapping array by month, including ranges and 
annual frequency (which also equals the monthly average) are provided in Table 1.
The highest annual capture frequency observed was in Area 1 Tamarisk 
(28.5%); while the lowest capture frequency was observed in Area 1 Creosote (7.4%). 
When comparing the two areas separately, Tamarisk communities have the highest 
capture percentages in each area, followed by Saltbush, and Creosote, respectively.
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Table 1. Capture frequency* for all months by area and community.
* All species combined, presented as % of animals captured to available traps.
Month Creosote 1 Saltbush 1 Tamarisk 1 Creosote 2 Saltbush 2 Tamarisk 2
July 4.8 15.5 30.9 9.6 4.0 2&6
Aug 1.6 12.4 39^ 7.7 5.6 21.1
Sept 4.0 21.3 45.0 8.0 10.8 23.7
Oct 4.0 15.5 25.3 3.6 14.5 14.6
Nov 4.0 5.6 22.2 4.0 2.4 0.8
Dec 1.2 3.2 12.2 4.0 0.4 0.8
Jan 0.0 2.0 15.8 4.0 3.3 0.8
Feb 5.3 4.9 17.4 7.1 9.3 14.7
Mar 9.4 10.0 30.3 8.4 13.7 22.9
April 14.1 10.1 2k9 18.6 16.4 24.8
May 12.1 11.7 3k8 12.6 14.6 21.3
June 2&2 13.1 35.5 16.4 19.1 24.0
Annual 7.4 10.4 28.5 8.6 9.5 16.3
In an attempt to examine the influence of temperature on capture frequencies, 
monthly ambient air temperature was examined in conjunction with all arrays. The 
lowest capture frequency percentage for each array occurred in November (14.6°C), 
December (5.3°C), and January (10.9°C); while the highest percentages occurred in 
April (17.6°C) and June (27.7°C) for Area 1 Creosote and Area 2 Creosote, Saltbush, 
and Tamarisk; while Area 1 Saltbush and Tamarisk has highest percentages occurring 
in July through October (27.2, 31.3, 26.8, and 19.3°C).
Species Diversity
Diversity was evaluated using Simpson’s Diversity Index, which represents the 
number of species in each array taking into account evenness (or the number of 
animals caught of each species). Diversity for all arrays is displayed in Table 2. 
Average monthly and annual diversity is approximately the same for all arrays with 
ranges of 0.46 - 0.58 and 0.50 - 0.68 respectively. These values indicate that all arrays 
have approximately the same number of species and number of individuals captured.
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Table 2. Diversity (1-D) by month for all communities
Month
Creosote
1
Saltbush
1
Tamarisk
1
Creosote
2
Saltbush
2
Tamarisk
2
Jul-02 0.73 0.61 0.57 0.67 0.33 0.42
Aug-02 1 0.53 0.58 0.56 0.52 0.55
Sep-02 0.4 0.64 0.55 0.67 0.51 0.57
Oct-02 0.67 0.64 0.66 0.67 0.56 0.6
Nov-02 0.5 1 0.41 0.5 0 N/A*
Dec-02 N/A* 0.67 0.44 0 N/A* 0
Jan-03 N/A* 0 0.18 0 1 1
Feb-03 0.57 0.5 0.44 0 0.72 0.25
Mar-03 0.71 0.72 0.47 0.67 0.72 0.34
Apr-03 0.58 0.6 0.61 0.73 0.78 038
May-03 0.36 0.47 0.67 0.54 0.57 Oj#
Jun-03 0.32 0.53 Oj# 0.59 0.27 0.62
Average 0.58 Ojg 0.52 0.46 0.55 0.49
St. Dev 0.2 0.23 0.14 0.29 0.27 0.26
Annual 0.52 0.61 0.6 0.68 0.68 0.5
* N/A = only one individual captured
The highest diversity (1.0) is observed in August of Area 1 Creosote 
community, November of Area 1 Saltbush, and January of Area 2 Saltbush and 
Tamarisk communities. The high diversity was August (31.3°C), and is consistent 
with the literature. The high diversity in November (14.6°C) and January (10.9°C) is 
inconsistent with the literature; this may be due to low sample size.
The lowest diversity (0.0) and diversity that could not be calculated (N/A), 
because only one individual was caught, was consistently observed in all communities 
during the months of November (14.6“C) through February (13.7°C). This lack of 
sample size demonstrates low activity levels in all species collectively and would 
support the hypothesis that diversity is greatest in the warmer months.
Richness
Small mammal richness for all areas, months, monthly average, range and 
annual richness is given in Table 3. As hypothesized, annual richness is the greatest in
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Area 2 Saltbush. In Area 1, the Saltbush and Creosote communities share the next 
highest richness. The monthly average for richness is similar for all areas, ranging 
from 2.0 to 2.9.
Table 3. Richness by month for all communities
Month
Creosote
1
Saltbush
1
Tamarisk
1
Creosote
2
Saltbush
2
Tamarisk
2
Jul-02 3 3 3 3 2 3
Aug-02 3 2 4 3 3 3
Sep-02 2 3 3 3 3 3
Oct-02 2 3 3 2 4 3
Nov-02 2 3 3 2 1 1
Dec-02 1 2 2 1 1 1
Jan-03 0 1 2 1 2 2
Feb-03 2 2 3 1 3 2
Mar-03 3 3 3 3 4 2
Apr-03 3 4 3 4 4 3
May-03 3 3 3 3 5 4
Jun-03 3 4 3 3 3 3
Average 2 2.7 2.9 2.3 2.8 2.5
Range [0,3] [1,4] [1,4] [1,4] [1,5] [1,4]
Annual 3 4 4 4 6 4
Regarding the monthly data, few species were caught during colder months, 
showing that species richness is greater in warmer months. Richness was less than 
one in at least one array in the months November through February (14.4°C, 5.3°C, 
10.9°C, 13.7°C), indicating few or no animals were captured.
No consistent richness occurred across all seasons, and as hypothesized, 
richness was lowest (0 -  1) in the colder months, November through January (10.9°C, 
14.4°C, 5.3°C) and highest (4 -  5) during the warmer months, April (17.6“C) and May 
(30. r c ) .
Though the number of species present is the same, species composition often 
changed, even seasonally. Area 2 Saltbush community was the only location where all
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6 species identified in this study were captured (Table 4). With the exception to M. 
musculus, both Saltbush communities had captures of all species. Chaetodipus spp 
was the only species caught in all habitats. Peromyscus eremicus was also present in 
many communities; Area 1 Creosote was the only community where P. eremicus was 
not captured. These two species were also captured more frequently than any other. 
Mus musculus (Tamarisk 1, 2, and Saltbush 2) and P. longimembris (Creosote 1, 2, 
and Saltbush 2) were captured in only three of the six arrays, and had the lowest 
number of individuals throughout the study.
Table 4. Location of capture for each species by habitat type and area indicated as
Species Creosote
1
Creosote
2
Saltbush
1
Saltbush
2
Tamarisk
1
Tamarisk
2
C. spp
+ + + + + +
D. merriami
+ + + + - -
P. longimembris
+ + - + - -
P. eremicus -
+ + + + +
N. lepida - -
+ + + +
M. musculus - - -
+ + +
Population Estimation 
A detailed table using the closed method of population estimation for each 
species with MNKA, population estimate, and model used for each species is listed in 
Appendix II.
Population estimates for each species using the robust method are found in 
Appendix III. A complete list of probability of survival, probability of emigration
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from study site, and probability of encounter values along with the corresponding 
standard error is recorded, as these values were utilized in the calculation of 
population estimates.
Compared to closed population estimates, robust estimates are lower, 
especially for C. spp. This is possibly due to tag losses where an individual that was 
previously tagged, experienced a tag loss, leaving the ear unsuitable for re-tagging. 
Coloring the animal was necessary for identification. Animals with tag losses were 
unable to be identified from one month to another. Despite these differences, similar 
trends are evident.
After examining population estimates for all six species, several clear trends 
are evident. Neotoma lepida and P. eremicus population estimates were higher or 
exclusively found in the Tamarisk; whereas P. longimembris and D. merriami were 
never captured in the Tamarisk, but were found exclusively in the Saltbush and 
Creosote communities. Based on our capture records, C. spp. showed no real 
preference for any habitat type. Mus musculus was caught so rarely that it will not be 
discussed in length; for detailed information refer to Appendix II and Appendix III.
Habitat Comparison
The Creosote communities contained C. spp., D. merriami, and P. 
longimembris, while P. emericus only occurred in Area 2 Creosote (Table 5). In both 
areas, average population estimates for C. spp. was the greatest, D. merriami and P. 
longimembris had the lowest monthly averages, respectively. In Area 2 Creosote, the 
monthly population estimate for P. emericus was even lower than P. longimembris.
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Table 5. Average population estimates for both Creosote communities using MNKA,
Closed and Robust population methods.
Creosote 1 Creosote 2
Species Model Avg St. Dev Range Avg St. Dev Range
Chaetodipus
spp
Closed
MNKA
5.8
5.3
7.95
6.69
[0,27]
[0,22]
4.0
3.5
3.59
3.15
[0,9]
[0,9]
Robust 5.0 5.94 [0,19] 3.3 3.14 [0,9]
Dipodomys
merriami
Closed
MNKA
Robust
2.6
1.9
1.8
2.23
1.16
1.11
[0,8]
[0,3]
[0,3]
3.7
3.5
3.5
2.02
1.93
1.73
[1,8]
[1,8]
[1,8]
Perognathus
longimembris
Closed
MNKA
Robust
2.3 
1.5
1.3
3jG
1.93
1.66
[0,12]
[0,5]
[0,5]
2.4 
1.8
1.4
3.65
2.55
1.88
[0,11]
[0,8]
[0,6]
Peromyscus 
eremicus *
Closed
MNKA
Robust
0.2
0.2
0.2
0.58
0.58
0.58
[0,2]
[0,2]
[0,2]
* No animals captured are denoted by blank spaces
Saltbush communities contained mainly C  spp, D. merriami, P. emericus, and 
N. lepida while P. longimembris, and M. musculus only occurred in Area 2 Saltbush 
(Table 6). Like Creosote communities, C. spp had the highest monthly average of all 
species present in both areas. Perognathus longimembris and P. eremicus only 
occurred in one area. Area 2, and these species had the lowest monthly averages.
Both Tamarisk communities consisted of the same species, C. spp, P. 
emericus, N. lepida, and M. musculus', however population estimates were not as even 
as Creosote and Saltbush (Table 7). In Area I Tamarisk, P. emericus had the highest 
average population estimate, with N. lepida and C. spp at lower monthly averages. All 
monthly averages are lower in Area I Tamarisk than Area 2 except for C. spp.
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Table 6. Average population estimates for both Saltbush communities using MNKA,
Closed and Robust population methods.
Saltbush 1 Saltbush 2
Species Metliod Avg. St. Dev. Range Avg. St. Dev. Range
Chaetodipus
spp
Closed
MNKA
5.4
5.2
3.75
3.56
[0,10]
[0,9]
5.5
5.3
3.71
3.68
[0,12]
[0,12]
Robust 4.6 3.34 [0,9] 3.0 2.49 [0,7]
Dipodomys
merriami
Closed
MNKA
2.8
2.7
2.66
2.42
[0,9]
[0,8]
1.7
1.3
1.92
1.15
[0,4]
[0,4]
Robust 2.8 2.45 [0,8] 1.4 1.38 [0,4]
Closed 0.3 0.65 [0,2] 2.4 3.65 [0,11]
Neotoma lepida MNKA 0.3 0.65 [0,2] 1.8 2.55 [0,8]
Robust 0.3 0.65 [0,2] 1.4 1.88 [0,6]
Peromyscus
eremicus
Closed
MNKA
Robust
1.8
1.6
1.1
1.82
1.62
1.00
[0,5]
[0,4]
[0,3]
1.3
1.2
1.1
1.83
1.53
1.44
[0,5]
[0,5]
[0,5]
Mus 
musculus *
Closed
MNKA
Robust
0.1
0.1
0.1
0.29
0.29
0.29
[0,1]
[0,1]
[0,1]
Perognathus 
longimembris *
Closed
MNKA
Robust
1.2
0.8
0.8
2.44
1.36
1.36
[0.8]
[0,4]
[0,4]
* No animals captured are denoted by blank spaces
Both Tamarisk communities consisted of the same species, C. spp, P. 
emericus, N. lepida, and M. musculus', however population estimates were not as even 
as Creosote and Saltbush (Table 7). In Area 1 Tamarisk, P. emericus had the highest 
average population estimate, with N. lepida and C. spp at lower monthly averages. All 
monthly averages are lower in Area 1 Tamarisk than Area 2 except for C. spp.
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Table 7. Average population estimates for both Tamarisk communities using MNKA,
Closed and Robust population methods.
Species Method Avg.
Tamarisk 1 
St. Dev. Range Avg.
Tamarisk 2 
St. Dev. Range
Closed 4.4 3.63 [0,111 4.3 334 [0,101
Chaetodipus . .
spp m iN ivA 4.3 3.52 [0,11] 4.3 3.31 [0,10]
Robust 3.3 2.99 [0,8] 3.3 2.83 [0,9]
Closed 6.5 5.04 [1.16] 1.0 1.91 [0.51
Neotoma _____
lepida MNKA 5.5 3 j# [1,14] 0.8 1.53 [0,4]
Robust 5.5 3.66 [1,14] 0.8 1.53 [0,4]
Peromyscus
eremicus
Closed 13.7 5.09 [8,22] 1.3 1.83 [0,5]
MNKA 13.4 4.78 [8,21] 1.2 1.53 [0,5]
Robust 13.9 5.26 [8,23] 1.1 1.44 [0,5]
Closed 0.2 0.58 [0,2] 0.4 0.79 [0.2]
Mus _____ _
musculus MNKA 0.2 0.58 [0,2] 0.4 0.79 [0,2]
Robust 0.2 0.58 [0,2] 0.4 0.79 [0,2]
Species-Specific 
Chaetodipus spp.
Chaetodipus spp was captured in all communities of both areas (Table 8, Table 
9, Table 10). The population estimate ranged from 0 to 10 in all arrays except Area 1 
Creosote where the population estimates increased from 11 to 27 in the months of 
April (17.6“C), May (30. KC), and June {21.TC). This species also has population 
estimates greater than 1 most months, and was absent from at least one array during 
December (5.3°C), January (10.9°C), and February (13.7°C).
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Table 8. Chaetodipus spp population estimates* for ail months in the Creosote
communities.
Interval Month
Closed
Method
Creosote 1 
MNKA
Robust
Method
Closed
Method
Creosote 2 
MNKA
Robust
Method
1 Jul-02 1 1 1 7 4 4
2 Aug-02 1 1 1 9 6 6
3 Sep-02 4 4 4 4 4 4
4 Oct-02 1 1 1 1 1 1
5 Nov-02 1 1 1 I 1 1
6 Dec-02 1 1 1 1 1 1
7 Jan-03 0 0 0 0 0 0
8 Feb-03 4 4 4 0 0 0
9 Mar-03 5 5 5 2 2 1
10 Apr-03 13 12 12 6 6 5
11 May-03 12 12 11 9 9 9
12 Jun-03 27 22 19 8 8 8
Average 5.8 5.3 5.0 4.0 3.5 3.3
St. Dev. 7.95 6.69 5.94 3.59 3.15 3.14
Range [0,27] [0,22] [0,19] [0,9] [0,9] [0,9]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
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Table 9. Chaetodipus spp population estimates* for ail months in the Saltbush
communities
Interval Month
Closed
Method
Saltbush 1 
MNKA
Robust
Method
Closed
Method
Saltbush 2 
MNKA
Robust
Method
1 Jul-02 10 9 9 5 5 5
2 Aug-02 6 6 6 7 5 5
3 Sep-02 7 7 6 7 7 7
4 Oct-02 10 9 8 8 8 4
5 Nov-02 1 1 1 2 2 2
6 Dec-02 1 1 1 0 0 0
7 Jan-03 0 0 0 1 1 1
8 Feb-03 1 1 1 4 4 1
9 Mar-03 5 4 3 5 5 1
10 Apr-03 7 7 4 4 4 2
11 May-03 8 8 7 11 11 1
12 Jun-03 9 9 9 12 12 7
Average 5.4 5.2 4.6 5.5 5.3 3.0
Deviation 3.75 3.56 3.34 3.71 3.68 2.49
Range 10,101 [0,9] [0,9] [0,121 [0,12] [0,7]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
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Table 10. Chaetodipus spp population estimates* for ail months in the Tamarisk
communities
Interval Month
Closed
Method
Tamarisk 1 
MNKA
Robust
Method
Closed
Method
Tamarisk 2 
MNKA
Robust
Method
I Jul-02 6 6 6 5 5 5
2 Aug-02 4 4 3 6 5 4
3 Sep-02 5 5 2 8 8 6
4 Oct-02 8 8 6 5 5 3
5 Nov-02 1 1 1 1 1 1
6 Dec-02 0 0 0 0 0 0
7 Jan-03 0 0 0 0 0 0
8 Feb-03 1 1 1 2 2 1
9 Mar-03 3 3 1 2 2 1
10 Apr-03 5 5 4 5 5 3
II May-03 9 8 8 10 10 6
12 Jun-03 11 11 8 8 8 9
Average 4.4 4.3 3.3 4.3 4.3 3.3
Deviation 3.63 3.52 2.99 3.34 3.31 2.83
Range [0,11] [0,11] [0.8] [0,10] [0,10] [0,9]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
Dipodomys merriami 
Despite extensive trapping, D. merriami was not caught in the Tamarisk 
communities o f either area (Table II , Table 12). Dipodomys merriami was caught in 
Area 2 Creosote every month of the year and had population estimates range from 1 - 
8. Population estimates of 0 or I mostly occurred in November, December, and 
January (14.6°C, 5.3°C, 10.9°C)
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Table 11. Z). merriami population estimates* for ail months in the Creosote
communities.
Interval Month
Closed
Method
Creosote 1 
MNKA
Robust
Method
Closed
Method
Creosote 2 
MNKA
Robust
Method
1 Jul-02 2 2 2 4 4 4
2 Aug-02 I 1 1 2 2 2
3 Sep-02 1 1 1 3 2 2
4 Oct-02 2 2 2 2 2 2
5 Nov-02 4 3 3 3 3 3
6 Dec-02 0 0 0 4 4 4
7 Jan-03 0 0 0 4 4 4
8 Feb-03 8 3 2 8 8 8
9 Mar-03 4 3 3 7 6 5
10 Apr-03 4 3 3 3 3 3
11 May-03 2 2 2 1 1 2
12 Jun-03 3 3 3 3 3 3
Average 2.6 1.9 1.8 3.7 3.5 3.5
Deviation 2J3 1.16 1.11 2.02 1.93 1.73
Range 10,81 [0,3] [0,3] [1,8] [1,8] [1,8]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
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Table 12. D. merriami population estimates* for ail months in the Saltbush
communities
Interval Month
Closed
Method
Saltbush 1 
MNKA
Robust
Method
Closed
Method
Saltbush 2 
MNKA
Robust
Method
I Jul-02 7 7 7 1 1 1
2 Aug-02 9 8 8 1 1 1
3 Sep-02 2 2 2 2 2 2
4 Oct-02 3 3 3 2 2 2
5 Nov-02 1 1 1 0 0 0
6 Dec-02 2 2 2 1 1 1
7 Jan-03 2 2 2 0 0 0
8 Feb-03 4 3 4 2 2 2
9 Mar-03 2 2 2 7 4 5
10 Apr-03 1 1 1 3 2 2
11 May-03 0 0 0 1 1 1
12 Jun-03 1 1 1 0 0 0
Average 2.8 2.7 2.8 1.7 1.3 1.4
Deviation 2 j# 2.42 2.45 1.92 1.15 1.38
Range 10,91 [0.8] [0,8] [0,41 [0,4] [0,4]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
Mus musculus
Mus musculus was rarely caught with a population estimate of no greater than 
2 (Table 13, Table 14). Because there were no recaptures for M  musculus, only 
MNKA was reported. Mus musculus was captured only during the months of August 
(31.3°C), September (26.8°C), and October (19.3°C). Mus musculus was never caught 
in the Creosote community of both areas or in the Area 1 Saltbush.
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Table 13. M  musculus population estimates* for ail months in Area 2 Saltbush,
community
Interval Month
Closed
Method MNKA
Robust
Method
I Jul-02 7 7 7
2 Aug-02 9 8 8
3 Sep-02 2 2 2
4 Oct-02 3 3 3
5 Nov-02 1 1 1
6 Dec-02 2 2 2
7 Jan-03 2 2 2
8 Feb-03 4 3 4
9 Mar-03 2 2 2
10 Apr-03 I 1 I
11 May-03 0 0 0
12 Jun-03 I 1 I
Average 2.8 2.7 2.8
Deviation 266 2.42 2.45
Range 10,91 10,81 10,81
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
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Table 14. M. musculus population estimates* for ail months in the Tamarisk
communities.
Interval Month
Closed
Method
Tamarisk 1 
MNKA
Robust
Method
Closed
Method
Tamarisk 2 
MNKA
Robust
Method
1 Jul-02 0 0 0 0 0 0
2 Aug-02 2 2 2 2 2 2
3 Sep-02 0 0 0 2 2 2
4 Oct-02 0 0 0 1 I 1
5 Nov-02 0 0 0 0 0 0
6 Dec-02 0 0 0 0 0 0
7 Jan-03 0 0 0 0 0 0
8 Feb-03 0 0 0 0 0 0
9 Mar-03 0 0 0 0 0 0
10 Apr-03 0 0 0 0 0 0
11 May-03 0 0 0 0 0 0
12 Jun-03 0 0 0 0 0 0
Average 0.2 0.2 0.2 0.4 0.4 0.4
Deviation 0.58 0.58 0.58 0.79 0.79 0.79
Range [0,2] [0,2] [0,2] [0,2] [0,2] [0,2]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
Neotoma lepida
Neotoma lepida was never caught in the Creosote community of Area 1 or 2, 
and was rarely caught (population estimate of no more than 2) in the Saltbush 
communities (Table 15, Table 16). Population estimates were greatest in Area 1 
Tamarisk every month of the trapping year with population estimates ranging from 1 
to 16. Months when population estimates were below 4 were November (14.6°C), 
December (5.3°C), January (10.9°C), and February (13.7“C).
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Table 15. A/ lepida population estimates* for ail months in the Saltbush communities
Interval Month
Closed
Method
Saltbush 1 
MNKA
Robust
Method
Closed
Method
Saltbush 2 
MNKA
Robust
Method
1 Jul-02 0 0 0 0 0 0
2 Aug-02 0 0 0 1 I 1
3 Sep-02 0 0 0 0 0 0
4 Oct-02 0 0 0 0 0 0
5 Nov-02 0 0 0 0 0 0
6 Dec-02 0 0 0 0 0 0
7 Jan-03 0 0 0 0 0 0
8 Feb-03 0 0 0 0 0 0
9 Mar-03 0 0 0 0 0 0
10 Apr-03 1 I 1 0 0 0
11 May-03 2 2 2 0 0 0
12 Jun-03 1 I 1 1 I I
Average 0.3 0.3 0.3 0.2 0.2 0.2
Deviation 0.65 0.65 0.65 0.39 0.39 0.39
Range 10,21 [0,2] [0,2] [0,1] ...10,1] [0,1]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
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Table 16. N. lepida population estimates* for ail months in the Tamarisk
communities.
Interval Month
Closed
Method
Tamarisk I 
MNKA
Robust
Method
Closed
Method
Tamarisk 2 
MNKA
Robust
Method
1 Jul-02 16 7 7 I I 1
2 Aug-02 7 7 7 0 0 0
3 Sep-02 6 6 6 0 0 0
4 Oct-02 4 4 4 0 0 0
5 Nov-02 2 2 2 0 0 0
6 Dec-02 3 3 3 0 0 0
7 Jan-03 I 1 1 0 0 0
8 Feb-03 2 2 2 0 0 0
9 Mar-03 5 4 4 0 0 0
10 Apr-03 7 7 7 I 1 I
II May-03 16 14 14 5 4 4
12 Jun-03 9 9 9 5 4 4
Average 6.5 5.5 5.5 I.O 0.8 0.8
Deviation 5.04 266 366 1.91 1.53 1.53
Range [1,16] [1,14] [1,14] [0.51 [0,4] [0,41
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
Peromyscus eremicus 
Peromyscus eremicus had the highest population estimates in Area 1 and 2 
Tamarisk communities (Table 17, Table 18, Table 19). Population estimates were 
much lower in both Saltbush communities, no greater than 5. Peromyscus eremicus 
occurred in Area 2 Creosote only in April (17.6°C). Peromyscus eremicus was caught 
year round in the Tamarisk community o f both areas except for the month of 
November (14.6°C) in Area 2.
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Table 17. P. eremicus population estimates* for ail months in Area 2 Creosote
community.
Interval Month
Closed
Method
Creosote 2 
MNKA
Robust
Method
1 Jul-02 0 0 0
2 Aug-02 0 0 0
3 Sep-02 0 0 0
4 Oct-02 0 0 0
5 Nov-02 0 0 0
6 Dec-02 0 0 0
7 Jan-03 0 0 0
8 Feb-03 0 0 0
9 Mar-03 0 0 0
10 Apr-03 2 2 2
11 May-03 0 0 0
12 Jun-03 0 0 0
Average 0.2 0.2 0.2
Deviation 0.58 0.58 0^8
Range ro,2i m j i [0,2]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
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Table 18. P. eremicus population estimates* for ail months in the Saltbush
communities.
Interval Month
Closed
Method
Saltbush 1 
MNKA
Robust
Method
Closed
Method
Saltbush 2 
MNKA
Robust
Method
1 Jul-02 3 3 1 0 0 0
2 Aug-02 0 0 1 0 0 0
3 Sep-02 4 4 3 1 1 1
4 Oct-02 5 4 2 1 1 1
5 Nov-02 0 0 0 0 0 0
6 Dec-02 0 0 0 0 0 0
7 Jan-03 0 0 0 1 1 1
8 Feh-03 0 0 0 5 3 2
9 Mar-03 3 3 2 2 2 2
10 Apr-03 2 2 1 5 5 5
11 May-03 1 1 1 1 1 1
12 Jun-03 3 2 2 0 0 0
Average 1.8 1.6 1.1 1.3 1.2 1.1
Deviation 1.82 1.62 1.00 1.83 1.53 1.44
Range [0,51 [0,4] %^] [0,5] [0,5] [0,5]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
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Table 19. P. eremicus population estimates* for ail months in the Tamarisk
communities.
Interval Month
Closed
Method
Tamarisk 1 
MNKA
Robust
Method
Closed
Method
Tamarisk 2 
MNKA
Robust
Method
1 Jul-02 20 20 23 17 17 17
2 Aug-02 22 21 20 10 10 10
3 Sep-02 19 19 20 14 14 13
4 Oct-02 12 12 14 7 7 7
5 Nov-02 10 10 11 0 0 0
6 Dec-02 8 8 8 3 3 3
7 Jan-03 9 9 9 1 1 1
8 Feb-03 9 9 9 11 11 13
9 Mar-03 19 17 18 16 15 15
10 Apr-03 15 15 15 23 20 20
11 May-03 12 12 12 12 10 9
12 Jun-03 9 9 8 15 14 14
Average 13.7 13.4 13.9 10.8 10.2 10.2
Deviation 5.09 4.78 5^6 6.96 6.37 6.38
Range 18,221 18,21] 18J31 10,231 10,201 10,201
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
Perognathus longimembris 
Perognathus longimembris was never caught in the Tamarisk of either area 
(Table 20, Table 21). Perognathus longimembris was also never caught in any habitat 
in the months of October (19.3“C), November (14.6°C), December (5.3°C), January 
(10.9°C), or February (13.7°C).
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Table 20. P. longimembris population estimates* for ail months in the Creosote
communities.
Interval Month
Closed
Method
Creosote 1 
MNKA
Robust
Method
Closed
Method
Creosote 2 
MNKA
Robust
Method
1 Jul-02 3 3 3 1 1 1
2 Aug-02 2 2 1 1 1 1
3 Sep-02 0 0 0 1 1 1
4 Oct-02 0 0 0 0 0 0
5 Nov-02 0 0 0 0 0 0
6 Dec-02 0 0 0 0 0 0
7 Jan-03 0 0 0 0 0 0
8 Feb-03 0 0 0 0 0 0
9 Mar-03 12 5 5 8 5 4
10 Apr-03 8 5 3 11 8 6
11 May-03 1 1 1 5 4 2
12 Jun-03 2 2 2 2 2 2
Average 2.3 1.5 1.3 2.4 1.8 1.4
Deviation 3^C 1.93 1.66 3.65 2.55 1.88
Range [0,12] [0,5] [0,5] [0,11] [0,8] %i,6]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
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Table 21. P. longimembris population estimates* for ail months in Area 2 Saltbush
community
Interval Month
Closed
Method
Saltbush 2 
MNKA
Robust
Method
1 Jul-02 0 0 0
2 Aug-02 0 0 0
3 Sep-02 0 0 0
4 Oct-02 0 0 0
5 Nov-02 0 0 0
6 Dec-02 0 0 0
7 Jan-03 0 0 0
8 Feb-03 0 0 0
9 Mar-03 0 0 0
10 Apr-03 2 2 2
11 May-03 0 0 0
12 Jun-03 0 0 0
Average 0.2 0.2 0.2
Deviation 0.58 0.58 0.58
Range 10,21 10,21 [0,2]
* Italicized values were inestimable using the corresponding method; MNKA was 
used instead.
Temperature summarv 
Major differences in the population estimates were evident when examined 
seasonally. Most notably, few animals were captured in October (19.3°C) through 
January (10.9°C), whereas the sum of the highest population estimates of any species 
was seen in C spp. during April (17.6°C) through June {21.TC).
Population estimates for each species dramatically decreased when the ambient 
temperature decreased. Chaetodipus spp., N. lepida, and P. eremicus decreased in 
abundance in November 2002 when the temperature dropped to 14.6°C, five degrees
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lower than the previous month. These three species began to increase in abundance 
around March when air temperature increased to 14.9°C. Dipodomys merriami did 
not show a seasonal pattern for any vegetative community; however, it did 
demonstrate an occasional spike in population size with relatively low abundance 
throughout the year. Perognathus longimembris was rarely caught in the early part of 
the study, then was not caught at all in October 2002 (19.3°C), then showed the 
highest abundance in March (14.9°C) and April (17.6°C).
Trap Deaths
One possible confounding variable includes effects from a high number of trap 
deaths in the months of October and April (Table 22). These trap deaths may have 
also caused a change in intraspecific competition.
Table 22. Monthly trap deaths* for each species.
Month
P.
eremicus
C.
spp.
N.
lepida
M.
musculus
D.
merriami
P.
longimembris
July 4.4 2.9 14.3 33394 - -
Aug - - 7.1 33394 11.1 -
Sept 4.4 8.8 - 33394 - -
Oct 33.3 50 21.4 - 55.6 -
Nov - - - - - -
Dec - - 7.1 - - -
Jan - - - - - -
Feb - - - - - -
Mar 2.2 - - - - 100.0
Apr 51.1 3K2 21.4 - 333 -
May 4.4 - 28.6 - - -
June - - - - - -
Total Dead 
Individuals 45 34 14 3 9 1
* Expressed as percentage of deaths to total individuals dead.
46
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 5 
DISCUSSION
To our knowledge, this is the first study conducted in the Las Vegas Wash that 
examines three distinct habitats and the small mammals that occupy them. More 
notably, this study is unique in that it examines the native small mammal communities 
in distinct habitats, but specifically documents small mammal usage of the non-native 
vegetation, T. ramosissima.
The specific uses of T. ramosissima by small mammals are relatively 
unknown, and no literature could be found that supports our findings. Nonetheless, 
the Tamarisk community in Area I consistently had the highest capture frequency 
throughout the year. When comparing the two areas, both Tamarisk habitats 
demonstrated the highest percentage of capture fi’equency, followed by Saltbush and 
Creosote communities, respectively. In Herndon’s study (2004), shrub cover and 
percent litter increased fi’om the Creosote community to Saltbush and Tamarisk; these 
characteristics are known to be essential for several of the small mammal species we 
captured. Accordingly, Tamarisk may provide litter and cover for animals that 
typically have depended on other plant species that no longer are present in the LV 
Wash. Before T. ramosissima was introduced, cottonwood (Populus spp.) and willow 
(Salix spp.) (Glenn and Nagler, 2005) may have previously supported small mammal 
populations, such as N. lepida and P. eremicus, and C. spp, that currently exist in
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Tamarisk communities. Currently, N. lepida and P. eremicus were captured almost 
exclusively in Tamarisk communities. Area 1 Tamarisk contained the highest 
vegetation cover and frequency of captures of N. lepida and P. eremicus, supporting 
the known preference for dense vegetation cover and litter (Bradely & Mauer, 1973; 
Brown et al., 1972).
N. lepida demonstrated some yearly activity fluctuation; however, the most 
densely vegetated habitat (Tamarisk) maintained the highest population estimates 
throughout the year. Population estimates in the other habitats decreased more in the 
colder temperatures, leading us to believe that the vegetation cover in Tamarisk may 
have compensated for the lack of food sources, or N. lepida may have utilized this 
invasive species as a food source.
It was also expected that Tamarisk communities would have a lower diversity 
because of the monotypic vegetation, T. ramosissima. However, there is no 
discernable trend in diversity for any habitat or area, which is inconsistent with the 
literature, as a greater diversity is expected in the Saltbush communities because these 
habitats are appropriate for several species.
Like N. lepida, P. eremicus maintained a stable, yearly activity pattern. All 
other ecological estimates were consistent with expected patterns, where activity and 
captures increase with an increase in temperature. The only inconsistency regarding 
temperature, was that the literature states that P. eremicus aestivates during the 
warmest months of the year (Lewis, 1972). Previous studies took place in south 
central Arizona and did not capture P. eremicus in July or August (Lewis, 1972). 
During the warmest months, resources can become scarce, as plants will often
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experience periods of dormancy. Herbivores and granivores, the ecological 
classifications of most small mammal species in this study, are directly affected by 
plant production. In periods of plant dormancy, these small mammals will often 
reduce their activity and subsequent captures. Peromyscus eremicus was the only 
species classified as an omnivore. This difference in diet may provide an explanation 
for the yearly activity. Peromyscus eremicus has feeding habits that are more 
opportunistic and rely upon a broader range of food sources and thus not restricted to 
plant growth alone.
Desert environments are characterized by low humidity and wide ranging daily 
temperatures; low humidity allows more solar radiation to heat the ground (Smith & 
Smith, 2003). In this study. Tamarisk habitats had the highest vegetative cover and 
litter, and higher detectable humidities. As stated above, this study did not support 
aestivation of P. eremicus as documented by other research (Lewis, 1972); it is 
possible that because the Tamarisk communities had created an “artificial” area of 
high humidity, in addition to cover and litter, that this allowed for year round use of 
the habitat. I postulate that P. eremicus may be able to utilize the Tamarisk 
environment throughout the year because the temperature, more specifically ground 
temperature, was more stable from the humidity and vegetative cover.
To support this theory, additional work is needed. This should include 
monitoring humidity and population estimates for small mammals, in addition to 
ground temperature, to confirm a relationship between humidity and ground 
temperature. Similarly, additional studies measuring rainfall and subsequent changes
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in vegetation cover in the Wash will provide further explanation regarding small 
mammal plant use.
There were also some species-specific findings that warrant further discussion. 
The Tamarisk habitat had the highest capture frequency for all small mammal species 
and the highest population estimates for P. eremicus and N. lepida. In addition, C. 
spp. also occupied this habitat; however, C. spp was not exclusive to this community.
Chaetodipus appears to be more adaptable than noted in the literature. As 
observed in the analyses (Table 4), this genus was captured in all three habitats in both 
areas. In addition, the population estimates were also evenly distributed throughout 
the areas. The species-specific hypothesis regarding C. spp. stated population 
estimates would be greatest in Saltbush habitats. Though this genus appears to utilize 
Saltbush habitats, it is also adaptable to the remaining two habitats. Creosote and 
Tamarisk. As noted previously, there is no peer reviewed literature that documents the 
use of Tamarisk as a habitat for desert rodents. Like P. eremicus and N. lepida, C. spp 
appears to utilize this habitat as well. This is the third small mammal species that we 
determined uses the Tamarisk for food, cover, or shelter, however, the specific uses by 
each species were not elucidated in this study. Further research involving stomach 
content analyses of P. eremicus, N  lepida, and C. spp will provide specific dietary 
information about the small mammal species residing in the Wash.
Chaetodipus has been documented as having a habitat preference for desert 
scrub. Like the Saltbush communities, the Creosote communities have many 
characteristics corresponding to desert habitats. The Creosote habitats contain rocky
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desert floors, while the Saltbush communities contain more diverse vegetation and 
fine, sandy ground as would be typical for a desert wash community.
Both species captured, C. penicillatus and C. formosus, are very similar in 
morphological characteristics but very few C. formosus were caught relative to C. 
penicillatus. Many juvenile C. spp. were captured, because these animals were not 
fully developed morphologically, juveniles could not be identified to species. The 
prominent habitat characteristics, rocky soil and sandy soil for C. formosus and C. 
penicillatus, respectively, were also found at the Wash, but were interspersed, 
especially throughout the Creosote and Saltbush communities.
The Tamarisk communities did not support D. merriami or P. longimembris. 
Dipodomys merriami was caught in the Creosote and Saltbush habitats of both areas. 
Owing to its bipedal locomotion, and therefore need for low shrub cover (Beatly, 
1976), D. merriami was never caught in the Tamarisk area, which has the highest 
vegetative density. It was caught throughout the year, indicating no hibernation, 
which is consistent with O’Farrell (1974). A study completed as an undergraduate 
thesis by Horn (2003) analyzed the habitat preference for D. merriami. This study 
took place July 2002 to February 2003 using the same transects for Area 1, Creosote, 
Saltbush, and Tamarisk communities. Population estimates, environmental 
conditions, soil, vegetation, and topography were included in the analyses, and 
demonstrated that D. merriami was most abundant in Area 1 Saltbush community. 
Creosote communities also provide food for D. merriami as indicated by the Creosote 
seeds found in stomach contents in a study conducted in Arizona (Chew & Chew,
1970). Saltbush communities provide more shrub cover than the Creosote habitats and
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subsequently more protection. Dipodomys merriami is classified as a granivore, 
specifically consuming shrub seeds (Reynolds, 1950) and grasses (Bradley & Mauer,
1971). Saltbush communities contain different types of low lying shrubs and grasses 
(Herndon, 2004) all of which are suitable food sources for D. merriami.
Perognathus longimembris was mostly caught in the Creosote communities of 
both areas and was captured in the Saltbush habitat of Area 2 in the spring months 
only. Perognathus longimembris is often found in desert scrub habitats with widely 
spaced low growing shrubs (Hall, 1946). A complete lack of presence during the 
months of October through February indicates this species possibly undergoes 
hibernation during the winter months, which is consistent with a study conducted by 
O’Farrell (1974).
Future Research and Limitations 
In addition to the previously mentioned variables for future study (humidity, 
rainfall, ground temperature, and stomach content analyses), other factors should be 
taken into consideration. Small sample sizes and low recapture frequencies often 
resulted in inestimable population estimates; this was often due to seasonal variations, 
tag loss, and trap deaths attributed to small sample sizes for all species, again, having 
an effect on population estimates. Vegetative characteristics were analyzed for Area 
1 ; a similar analysis of Area 2 would be helpful when investigating small mammal 
habitat use. Air temperature, ground temperature, humidity, and wind speed should be 
measured at the same time for each habitat to determine differences in the physical 
environments. These physical environmental characteristics and vegetative analyses
52
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
may also be measured at different times of the year, along with small mammal 
estimation, for a more detailed analysis of small mammal activity patterns and 
dependency of environmental characteristics.
Management Implications 
The current management plan for Tamarisk solely involves eradication. 
Eradication of T. ramosissima will likely affect N. lepida and P. eremicus populations 
the most, as they appear to use this habitat almost exclusively. It is also possible that a 
major disturbance to populations of these two small mammal species will affect the 
dynamics of all other small mammal species. The close proximity of this habitat to 
native vegetation may give these species an advantage, in that they can utilize the litter 
and vegetative cover while utilizing the native plant species as a food source. The use 
of T. ramosissima by small mammals in the Las Vegas Wash needs to be considered 
when managing this invasive plant species and small mammal populations should be 
monitored during vegetative modifications. Possible options for environmental 
managers include the replacement of Tamarisk with similar species that provide 
suitable litter and cover; as noted earlier, these may include Populus spp. and Salix 
spp.
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APPENDIX I
MERISTIC DATA FOR EACH SMALL MAMMAL SPECIES
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Meristic data for D. merriami
Sex Measurements Average St. Deviation Range n
Male Mass (g) 40.8 "L83 [20,58] 29
Total Length (mm) 255.6 19.20 [226,312] 25
Body Length (mm) 9&0 12.77 [75,148] 29
Tail Length (mm) 157.3 12.87 [133,181] 25
Hind Foot (mm) 3 5 J 2.55 [30,40] 29
Ear Length (mm) 13.1 2.03 [8,19] 29
Female Mass (g) 3T3 4.31 [25,42] 18
Total Length (mm) 241.0 23T% [178,268] 16
Body Length (mm) 8T3 11.75 [60,108] 18
Tail Length (mm) 153.1 19.28 [107,175] 16
Hind Foot (mm) 35.6 2.03 [31,39] 18
Ear Length (mm) 12.7 1.08 [11,14] 18
Juvenile Mass (g) 10.5 4.93 [5,18] 6
Total Length (mm) 158.5 15.11 [140,176] 6
Body Length (mm) 62.0 4.69 [55,68] 6
Tail Length (mm) 9&5 10.82 [85,110] 6
Hind Foot (mm) 23 j 5.74 [18,31] 6
Ear Length (mm) 8.3 2.07 [.7,1 I L 6
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Meristic data for Chaetodipus formosus
Sex Measurement Average St. Deviation Range n
Male Mass (g) 21.0 4.90 [15,27] 4
Total Length (mm) 185.3 17.50 [163,202] 4
Body Length (mm) 79.3 11.09 [65,91] 4
Tail Length (mm) 106.0 14.45 [86,118] 4
Hind Foot (mm) 233 232 [21,26] 4
Ear Length (mm) 10.5 1.00 [9.11] 4
Female Mass (g) 20.0 235 [17,25] 11
Total Length (mm) 188x5 13.46 [165,203] 12
Body Length (mm) 763 639 [67,86] 12
Tail Length (mm) 111.8 932 [97,130] 12
Hind Foot (mm) 2L2 239 [20,28] 12
Ear Length (mm) 10.1 0.30 [10,11] 12
Meristic data for Chaetodipus penicillatus
Sex Measurement Average St. Deviation Range n
Male Mass (g) 183 4.04 [5,28] 67
Total Length (mm) 174.3 2133 [115,208] 67
Body Length (mm) 74.7 9.73 [46,124] 67
Tail Length (mm) 99.6 1839 [44,122] 67
Hind Foot (mm) 21.9 1.30 [19,25] 67
Ear Length (mm) 8.0 032 [6,9] 65
Female Mass (g) 17.5 4.47 [7,36] 91
Total Length (mm) 174.8 13.03 [140,210] 87
Body Length (mm) 70.5 731 [53,90] 91
Tail Length (mm) 104.4 10.57 [75-123] 87
Hind Foot (mm) 21.6 1.43 [16,24] 91
Ear Length (mm) 7.8 0.94 [5,9] 91
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Meristic data for Chaetodipus spp
Sex Measurement Average St. Deviation Range n
Male Mass (g) 1&4 4.13 [5,28] 70
Total Length (mm) 179.0, 16.94 [127,208] 64
Body Length (mm) 75.0 934 [46,124] 70
Tail Length (mm) 103.8 13.98 [56,122] 64
Hind Foot (mm) 22.0 1.37 [19,26] 70
Ear Length (mm) 8.2 1.00 [6,11] 69
Female Mass (g) 17.8 4.37 [7,36] 102
Total Length (mm) 176.8 13.46 [140,210] 97
Body Length (mm) 71.1 7.43 [53,90] 103
Tail Length (mm) 105.8 10.08 [75,130] 97
Hind Foot (mm) 21.8 1.65 [16,28] 103
Ear Length (mm) 8.1 1.15 [5,11] 103
Juvenile Mass (g) 9.8 3.77 [3,19] 26
Total Length (mm) 145.7 20.93 [88,179] 26
Body Length (mm) 57.9 633 [48,71] 26
Tail Length (mm) 873 1&90 [35,113] 26
Hind Foot (mm) 20.4 2.06 [17,23] 26
Ear Length (mm) 6.8 1.24 [5,9] 25
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Meristic data for M. musculus
Sex Measurement Average St. Deviation Range n
Male Mass (g) 11.1 2.40 [7,13] 7
Total Length (mm) 140.3 12.20 [125,162] 7
Body Length (mm) 62.3 932 [5333] 7
Tail Length (mm) 78.0 6.48 [67,86] 7
Hind Foot (mm) 16.6 338 [8,18] 7
Ear Length (mm) 14.3 1.25 [12,16] 7
Female Mass (g) 6.0 1
Total Length (mm) 125.0 1
Body Length (mm) 58.0 1
Tail Length (mm) 67.0 1
Hind Foot (mm) 18.0 1
Ear Length (mm) 14.0 1
leristic data for P. longimembris
Sex Measurement Average St. Deviation Range n
Male Mass (g) 6.7 1.72 [4,9] 12
Total Length (mm) 126.0 13.49 [96,148] 12
Body Length (mm) 54.1 4.54 [4,9] 12
Tail Length (mm) 71.9 11.37 [45,90] 12
Hind Foot (mm) 17.8 1.03 [16,20] 12
Ear Length (mm) 6.3 039 [5,8] 12
Female Mass (g) 8.5 2.12 [5,13] 18
Total Length (mm) 133.1 7.21 [125,155] 18
Body Length (mm) 553 532 [48,70] 18
Tail Length (mm) 77.3 4.23 [67,85] 18
Hind Foot (mm) 17.7 0.97 [16,19] 18
Ear Length (mm) 5.9 L23 [4,8] 18
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Meristic data for P. eremicus
Sex Measurement Average St. Deviation Range n
Male Mass (g) 20.1 4.06 [1031] 105
Total Length (mm) 168.9 14.64 [121,195] 105
Body Length (mm) 763 7.85 [56,103] 105
Tail Length (mm) 9Z1 10.09 [62,110] 105
Hind Foot (mm) 19.5 1.56 [12,22] 105
Ear Length (mm) 16.4 1.76 [11,20] 105
Female Mass (g) 193 536 [8,34] 56
Total Length (mm) 166.9 15.15 [117,195] 56
Body Length (mm) 74.6 &23 53,92] 56
Tail Length (mm) 923 936 [61,114] 56
Hind Foot (mm) 18.9 1.46 [15,22] 56
Ear Length (mm) 16.7 1.65 [12,20] 55
Juvenile Mass (g) 133 1.72 [12,16] 6
Total Length (mm) 149.8 438 [142,155] 6
Body Length (mm) 66.8 232 [63,70] 6
Tail Length (mm) 83.0 5.06 [75,89] 6
Hind Foot (mm) 183 1.97 [15,20] 6
Ear Length (mm) 14.0 1.67 [11,16] 6
leristic data for N. lepida
Sex Measurement Average St. Deviation Range n
Male Mass (g) 97.9 25.31 [56,142] 25
Total Length (mm) 242.1 2636 [189,298] 24
Body Length (mm) 128.4 16.08 [105,154] 25
Tail Length (mm) 114.7 17.13 [72,144] 24
Hind Foot (mm) 29.4 1.47 [26,32] 25
Ear Length (mm) 253 232 [22,32] 25
Female Mass (g) 110.6 2832 [61,162] 17
Total Length (mm) 247.4 27.05 [199,285] 18
Body Length (mm) 131.7 16.96 [105,155] 18
Tail Length (mm) 115.7 19.45 [55,145] 18
Hind Foot (mm) 293 1.74 [27,33] 18
Ear Length (mm) 253 3.12 [20,29] 17
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APPENDIX II
CLOSED POPULATION ESTIMATES FOR EACH SPECIES IN ALL ARRAYS
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Population estimates using closed population method for C. spp.
Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
P
value
Jut Creosote 1 1 1 MKNA 6.852 0.033
2002 Saltbush 1 9 10 M(th) 2.4 10,23
Tamarisk 1 6 6 M(o) 0.6 6,6 6.8
Creosote 2 4 7 M(o) 4.3 538 539
Saltbush 2 5 5 M(bh/tbh) 0.2 5,5 5,6
Tamarisk 2 5 5 MKNA
Oct Creosote 1 1 1 MKNA 4.103 0.129
2002 Saltbush 1 6 6 M(o) 0.7 6,6 6,8
Tamarisk 1 4 4 M(o) 0.3 4,4 4,5
Creosote 2 6 9 M(o) 4.2 738 6,42
Saltbush 2 5 7 M(th) 2.9 6,21
Tamarisk 2 5 6 M(th) 1.3 6,12
Sep Creosote 1 4 4 M(o) 0.7 4,4 4,7 0.441 0.802
2002 Saltbush 1 7 7 M(o) 0.1 7,7 7,7
Tamarisk 1 5 5 M(o) 0.1 5,5 5,5
Creosote 2 4 4 M(o) 0.4 4,4 4,5
Saltbush 2 7 7 M(o) 0.3 7,7 7,8
Tamarisk 2 8 8 M(o) 0.4 8,8 8.9
Oct Creosote 1 1 1 M(h) var -1 0.089 0.956
2002 Saltbush 1 9 10 M(th) 1.6 10,19
Tamarisk 1 8 8 M(o) 0.8 8,8 8,11
Creosote 2 1 1 MKNA
Saltbush 2 8 8 M(o) 0.2 8,8 8,8
Tamarisk 2 5 5 M(o) 0.4 5,5 5,6
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) -
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
P
value
Nov Creosote 1 1 1 MKNA 0.196 0.906
2002 Saltbush 1 1 1 MNKA
Tamarisk 1 1 1 M(h) var -1
Creosote 2 1 1 M(h) var - 1
Saltbush 2 2 2 MNKA
Tamarisk 2 1 1 M(h) var -1
Dec Creosote 1 1 1 MNKA N/A
2002 Saltbush 1 1 1 M(h) var - 1
Tamarisk 1 0 0
Creosote 2 0 0
Saltbush 2 0 0
Tamarisk 2 0 0
Jan Creosote 1 0 0 N/A
2003 Saltbush 1 0 0
Tamarisk 1 0 0
Creosote 2 0 0
Saltbush 2 1 1 M(h) var - 1
Tamarisk 2 0 0
Feb Creosote 1 4 4 M(o) 0.7 4,4 4,7 7.812 0.02
2003 Saltbush 1 1 1 MNKA
Tamarisk 1 1 1 MNKA
Creosote 2 0 0
Saltbush 2 4 4 M(o) 0.1 4,4 4,4
Tamarisk 2 2 2 M(tbh/bh) *
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b)
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
P
value
Mar Creosote 1 5 5 M(o) 0.8 5,5 5,8 0.936 0.626
2003 Saltbush 1 4 5 M(th) 2.9 533
Tamarisk 1 3 3 M(o) 0.4 3,3 3,4
Creosote 2 2 2 MNKA
Saltbush 2 5 5 M(o) 1.2 5,5 5,
>100
Tamarisk 2 3 3 M(o) 0.1 3,3 3,3
Apr Creosote 1 12 13 M(o) 1.6 13,21 12,18 0.943 0.624
2003 Saltbush 1 7 7 M(o) 0.6 7,7 7,8
Tamarisk 1 5 5 M(o) 0.4 5,5 5,6
Creosote 2 6 6 M(o) 0.5 6,6 6,7
Saltbush 2 4 4 M(h) 0.0 4,4
Tamarisk 2 5 5 M(o) 0.3 5,5 5,6
May Creosote 1 12 12 M(o) 1.1 12,19 12,16 0.941 0.625
2003 Saltbush 1 8 8 M(tbh/bh) *
Tamarisk 1 8 9 M(th) 1.2 9,14
Creosote 2 9 9 M(o) 0.8 9,9 9,12
Saltbush 2 11 11 M(o) 1.1 11,18 11,15
Tamarisk 2 10 10 MKNA
June Creosote 1 22 27 M(b) 6.0785 23,54 22399 6.932 0.031
2003 Saltbush 1 9 9 M(tbh) *
Tamarisk 1 11 11 M(tbh) *
Creosote 2 8 8 M(o) 0.2108 8,8 8,8
Saltbush 2 12 12 M(o) 0.1735 12,12 12,12
Tamarisk 2 8 8 M(o) 0.3526 8,8 8,9
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b)
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
P
value
Jut Creosote 1 2 2 M(o) 0.2774 2,2 2,3 4.583 0.032
2002 Saltbush 1 7 7 M(o) 0.9194 7,12 7,11
Creosote 2 4 4 M(o) 0.2118 4,4 4,4
Saltbush 2 1 1 MNKA
Oct Creosote 1 1 1 MNKA 3.725 0.054
2002 Saltbush 1 8 9 M(o) 1.2813 9,16 8,13
Creosote 2 2 2 M(o) 0.0708 2,2 2,2
Saltbush 2 1 I MNKA
Sep Creosote 1 1 1 M(h) var - 1 0.541 0.462
2002 Saltbush 1 2 2 MNKA
Creosote 2 2 3 M(h) 1.2367 3,8
Saltbush 2 2 2 M(o) 0.4843 2,2 2,4
Oct Creosote 1 2 2 M(h) 0.1054 2,2 0.09 0.764
2002 Saltbush 1 3 3 M(o) 0J932 3,3 3,5
Creosote 2 2 2 M(o) 0.2744 2,2 2,3
Saltbush 2 2 2 M(h) 0.1054 2,2
Nov Creosote 1 3 4 M(th) 2.1337 4,15 1.024 0.312
2002 Saltbush 1 1 1 MNKA
Creosote 2 3 3 M(o) 0.4105 3,3 3,4
Saltbush 2 0 0
Dec Creosote 1 0 0 4.557 0.033
2002 Saltbush 1 2 2 M(o) 0.4843 2,2 2,4
Creosote 2 4 4 M(o) 0.2915 4,4 4,5
Saltbush 2 1 1 MNKA
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) -
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
P
value
Jan Creosote 1 0 0 7.638 0.006
2003 Saltbush 1 2 2 MNKA
Creosote 2 4 4 M(o) 039% 4,4 4,5
Saltbush 2 0 0
Feb Creosote 1 3 8 M(th) 9.7992 4,60 6498 0.481
2003 Saltbush 1 3 4 M(th) 1.5583 4,12
Creosote 2 8 8 M(o) 0.8446 8,8 8,11
Saltbush 2 2 2 M(o) 0.2774 2,2 2,3
Mar Creosote 1 3 4 M(o) 1.9851 4,15 3,45 0.479 0.489
2003 Saltbush 1 2 2 M(o) 0.0254 2,2 2,2
Creosote 2 6 7 M(o) 1.5486 7,15 6,14
Saltbush 2 4 7 M(o) 4.2612 5J8 4^#
Apr Creosote 1 3 4 M(o) 1.9851 4,15 3,45 1.099 0.295
2003 Saltbush 1 1 1 M(h) var-1
Creosote 2 3 3 M(o) 0.1137 3,3 3,3
Saltbush 2 2 3 M(h) 1.2367 3,8
May Creosote 1 2 2 MNKA n/a
2003 Saltbush 1 0 0
Creosote 2 1 1 M(h) var-1
Saltbush 2 1 1 M(h) var-1
June Creosote 1 3 3 M(o) 0.5932 3,3 3,5 n/a
2003 Saltbush 1 1 1 M(h) var-1
Creosote 2 3 3 M(thb) *
Saltbush 2 0 0
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) -
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Month Array MNKA
N -
hat Model
July Tamarisk 1 0 0
2002
Saltbush 2 0 0
Tamarisk2 0 0
Tamarisk 1 2 2 MKNA
Aug
2002 Saltbush 2 0 0
Tamarisk2 2 2 MKNA
Tamarisk 1 0 0
Sept Saltbush 2 0 0
2002 Tamarisk2 2 2 MKNA
Tamarisk 1 0 0
Saltbush 2 1 1 MKNA
Oct Tamarisk2 1 1 MKNA
2002
Tamarisk 1 0 0
Saltbush 2 0 0
Tamarisk2 0 0
Nov
2002 Tamarisk 1 0 0
Saltbush 2 0 0
Tamarisk2 0 0
Dec Tamarisk 1 0 0
2002
Saltbush 2 0 0
Tamarisk2 0 0
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models; M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) - 
Behavioral variation, and M(t) -  Temporal Variation
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Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
Jul Saltbush 1 0 0 n/a
2002 Tamarisk 1 7 16 M(o) 7.9168 10,48 8J6
Saltbush 2 0 0
Tamarisk2 1 1 M(h) var-1
Oct Saltbush 1 0 0 n/a
2002 Tamarisk 1 7 7 M(o) 0.04775 7,7 7,8
Saltbush 2 1 1 MNKA
Tamarisk2 0 0
Sep Saltbush 1 0 0 n/a
2002 Tamarisk 1 6 6 M(o) 0.2061 6,6 6,6
Saltbush 2 0 0
Tamarisk2 0 0
Oct Saltbush 1 0 0 n/a
2002 Tamarisk 1 4 4 M(o) 0.5203 4,4 4,6
Saltbush 2 0 0
Tamarisk2 0 0
Nov Saltbush 1 0 0 n/a
2002 Tamarisk 1 2 2 M(h) 0.2774
Saltbush 2 0 0
Tamarisk2 0 0
Dec Saltbush 1 0 0 n/a
2002 Tamarisk 1 3 3 M(o) 0.4105 3,3 3,4
Saltbush 2 0 0
Tamarisk2 0 0
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b)
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Month Array MNKA
N -
hat Model
St.
Error C.I.
G
P.L.I. Stat
Jan Saltbush 1 0 0 n/a
2003 Tamarisk 1 1 1 M(h) var-1
Saltbush 2 0 0
Tamarisk2 0 0
Feb Saltbush 1 0 0 n/a
2003 Tamarisk 1 2 2 M(o) 0.0045 2,2 2,2
Saltbush 2 0 0
Tamarisk2 0 0
Mar Saltbush 1 0 0 n/a
2003 Tamarisk 1 4 5 M(o) 1.5954 5,14 4,18
Saltbush 2 0 0
Tamarisk2 0 0
Apr Saltbush 1 1 1 M(h) var -1 n/a
2003 Tamarisk 1 7 7 M(o) 0.9194 7,12 7,11
Saltbush 2 0 0
Tamarisk2 1 1 M(h) var - 1
May Saltbush 1 2 2 MNKA
2003 Tamarisk 1 14 16 M(b) 3.7683 15,35 14,>320
Saltbush 2 0 0
Tamarisk2 4 5 M(o) 1.5954 5,14 4,18
June Saltbush 1 1 1 MNKA n/a
2003 Tamarisk 1 9 9 M(o) 0.4837 9.9 9,10
Saltbush 2 1 1 M(h) var - 1
Tamarisk2 4 5 M(o) 1.5954 5,14 4,18
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) - 
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured 
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
* Standard error inestimable
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Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
Jul Saltbush 1 3 3 M(o) 0.593 3,3 3,5 3.499
2002 Tamarisk 1 20 20 M(tbh) *
Creosote 2 0 0
Saltbush 2 0 0
Tamarisk2 17 17 M(tbh) *
Oct Saltbush 1 0 0 n/a
2002 Tamarisk 1 21 22 M(h) 2.487 2237
Creosote 2 0 0
Saltbush 2 0 0
Tamarisk2 10 10 M(o) 0382 10,10 10,11
Sep Saltbush 1 4 4 M(o) 0.063 4,4 4,4 .991
2002 Tamarisk 1 19 19 M(bh) 0.879 19,19 19,38
Creosote 2 0 0
Saltbush 2 1 1 M(h) var-1
Tamarisk2 14 14 M(o) 1.08 14,21 14,18
Oct Saltbush 1 4 5 M(th) 0.979 5,9 429
2002 Tamarisk 1 12 12 M(tbh) *
Creosote 2 0 0
Saltbush 2 1 1 M(h) var-1
Tamarisk2 7 7 M(o) 0.403 7,7 7,8
Nov Saltbush 1 1 1 MNKA n/a
2002 Tamarisk 1 10 10 MNKA
Creosote 2 0 0
Saltbush 2 0 0
Tamarisk2 0 0
Dec Saltbush 1 0 0 n/a
2002 Tamarisk 1 8 8 M(tbh) *
Creosote 2 0 0
Saltbush 2 0 0
Tamarisk2 3 3 MNKA
p
value
.061
.319
335
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) ■
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
P
value
Jan Saltbush 1 0 0 3.929 .047
2003 Tamarisk 1 9 9 M(bh) 0.457 9,9 9,11
Creosote 2 0 0
Saltbush 2 1 1 M(h) var-1
Tamarisk2 1 I M(h) var-1
Feb Saltbush 1 0 0 5.145 .023
2003 Tamarisk 1 9 9 M(o) 0.136 9,9 9,9
Creosote 2 0 0
M(o) or
Saltbush 2 3 5 M(h) 1.76 4,12
Tamarisk2 11 11 M(o) 0.759 11,11 11,13
Mar Saltbush 1 3 3 M(th) 0 3,3 .058 .809
2003 Tamarisk 1 17 19 M(h) 1.75 18J6
Creosote 2 0 0
Saltbush 2 2 2 M(o) 0.277 2,2 2,3
Tamarisk2 15 16 M(bh) 2.34 16J9 15,50
Apr Saltbush 1 2 2 MNKA 2.155 .340
2003 Tamarisk I 15 15 M(t) 0.0066 15,15 15,16
Creosote 2 2 2 M(o) 0.150 2,2 2,2
Saltbush 2 5 5 M(o) 0483 5,11 5,10
Tamarisk2 20 23 M(th) 2.68 2133
May Saltbush 1 1 1 MNKA .000 1.000
2003 Tamarisk 1 12 12 M(o) 0.505 12,12 12,13
Creosote 2 0 0
Saltbush 2 1 1 MNKA
Tamarisk2 10 12 M(o) 2.13 11,21 10,20
M(o) or
June Saltbush I 2 3 M(h) 1.24 3,8 5.341 .021
2003 Tamarisk 1 9 9 M(o) 0.233 9,9 9,9
Creosote 2 0 0
Saltbush 2 0 0
Tamarisk2 14 15 M(o) 1.52 15,22 14,20
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) -
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Population estimates using closed population method for P. lon^imembris
Month MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
P
value
July Creosote 1 3 3 M(o) 0.5932 3,3 3,5 n/a
2002
Creosote 2 1 1 MNKA
Saltbush 2 0 0
Aug Creosote 1 2 2 MNKA n/a
2002
Creosote 2 1 1 MNKA
Saltbush 2 0 0
Sept Creosote 1 0 0 n/a
2002
Creosote 2 1 1 M(h) var - 1
Saltbush 2 0 0
Oct Creosote 1 0 0 n/a
2002
Creosote 2 0 0
Saltbush 2 0 0
Nov Creosote 1 0 0 n/a
2002
Creosote 2 0 0
Saltbush 2 0 0
Dec Creosote 1 0 0 n/a
2002
Creosote 2 0 0
Saltbush 2 0 0
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models; M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) -
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
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Month Array MNKA
N -
hat Model
St.
Error C.I. P.L.I.
G
Stat
P
value
Jan Creosote 1 0 0 n/a
2003
Creosote 2 0 0
Saltbush 2 0 0
Feb Creosote 1 0 0 n/a
2003
Creosote 2 0 0
Saltbush 2 0 0
Mar Creosote 1 5 12 M(th) 10.21 6,62 1.76 .184
2003
M(o) or
Creosote 2 5 8 M(h) 3.10 631
Saltbush 2 1 1 M(h) var - I
April Creosote 1 5 5 M(bh) 0.10 5,5 5,5 162 .106
2003
Creosote 2 8 11 M(o) 2.97 933 835
Saltbush 2 4 4 M(o) 0.52 4,4 4,6
May Creosote 1 1 1 MNKA 1.80 .180
2003
Creosote 2 4 5 M(o) 1.59 5,14 4,18
Saltbush 2 3 8 M(th) 9.79 4,60
June Creosote 1 2 2 M(o) 0.48 2,2 2,4 1.19 376
2003
Creosote 2 2 2 MNKA
Saltbush 2 1 1 M(h) var - 1
MNKA -  Minimum Number Known Alive 
N-hat -  Population estimate
Models: M(o) -  Constant capture probability, M(h) -  Heterogeneity among individuals, M(b) -
Behavioral variation, and M(t) -  Temporal Variation
* Standard error inestimable, var-1 -  only one individual captured
C.I. -  Confidence Interval
P.L.I. -  Profile likelihood interval
72
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX III
ROBUST POPULATION ESTIMATES FOR EACH SPECIES IN ALL ARRAYS
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Chaetodipus spp population estimates using the Robust Design Model in Area 1
Creosote
St. Error S.E.
i N-hatj (N-hatj)_______ gj_______ (Pi)
S.E. Gamma", S.E.
Sj.i+1 (Su+i)________ i+] (Gamma”i. h i )
1 1 7.67E-06 2.6E-10 3.74E-05
1.00 4.27E-06 1.00 2.45E-06
2 1 l.lOE-05 0.51 0
1.00 3.78E-06 1.00 3.14E-06
3 4 1.03E-05 0.50 0.250
1.00 2.20E-05 1.00 1.69E-07
4 1 1.15E-05 4.8E-11 1.75E-05
1.00 7.18E-07 0.00 2.15E-06
5 1 9.42E-06 3.9E-08 9.24E-04
0.19 1.85E-01 1.00 1.09E-04
6 1 1.06E-06 1.6E-13 I.07E-06
1.00 2.33E-06 0.00 1.20E-06
7 0.1 653 2.2E-12 2.59E-06
1.00 5.41 E-06 0.00 7.17E-07
8 4 1.08E-05 0.25 2.17E-01
0.75 2.17E-01 0.00 2.30E-07
9 5 1.27E-05 0.40 0.219
1.00 1.37E-07 0.20 1.79E-01
10 12 7.78E-06 0.25 0
1.00 7.99E-06 0.83 0.10758
11 11 1.05E-05 0.27 0.134
0.47 0 0.04 0
12 19 7.61 E-06 0.35 0
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Chaetodipus spp population estimates using the Robust Design Model in Area 2
Creosote
St. Error
i N-hatj (N-hatj) Pi
0.46
S.E.
(Pi)
S.E. Gamma"; S.E.
Sj. i+i (Sj. i+i)_________jjj________ (Gamma”; j+i)
145
0.50 0.25 8.28E-14 5.42E-07
0.70 289
0.35 0.359 1.00 1.74E-07
0.25 0.217
1.00 2.57E-07 0.75 0.217
6.0E-15 1.21E-07
1.00 3.54E-07 1.00
3.7E-15 8.56E-08
1.00 3.20E-06 1.19E-13 1.09E-06
6 0.2 854 2.8E-15 6.47E-08
1.00 3.60E-06 1.42E-12 3.73E-06
0.2 749 2.6E-15 6.08E-09
1.00 8.54E-06 1.3 IE-14 3.57E-07
638 2.3E-14 1.83E-07
1.00 9.21 E-06 1.00 4.82E-07
2.4E-14 2.72E-07
0.98 241.505 1.00
10 0.20 0.179
0.34 244.509 0.41 420
0.38 0.171
0.42 206.546 0.10 447
12 0 0.25 0.217
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Chaetodipus spp population estimates using the Robust Design Model in Area 1
Saltbush
St.Error
i N-hat, (N-hatj)
10
2.55E-15 0.22
2.84E-08 0.33
1.79E-05 0.33
0 2 8
7 l.lE -03
S.E.
(Pi)_
S.E. S.E.
Sj.i+I (Sj.i+i) Gamma” , i+1 (Gamma” . j+Q
8 9.9E-04 3.80E-16
12
1.48E-06 0.25
6.61E-06 0.71
5.16E-15 0.22
0.14
0.19
0.19
0.00
0.33 0.24
.00 1.58E-08
0.72
l.llE -0 5  6.3E-13 2.68E-06
1.00 0.421
1.16E-05 6.7E-13 1.69E-06
0.16
3.1E-16 7.00E-08
0.8
4.4E-
12
8.81 E-06
1.00
l.OOE-05 4.9E-13 6.40E-07
0.22
0.17
0.14
0.67
0.30
0 2 8
0.67
0.50 0.2041 3.51E-15
023
1.00
4.01E-15
2.07E-15
8.45E-12
.00
1.45E-03
0.16
0.49
0.3271
9.03E-08
0.19245
6.97E-08
I.96E-08
1.72E-07
l.lOE-05
2.71 E-06
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Chaetodipus spp population estimates using the Robust Design Model in Area 2
Saltbush
St.Error 
i N-hatj (N-hatj) Pi
2.75E-06 0.40
S.E.
(Pi)
S.E. S.E.
Sj. j+i (Sj.j+i) Gamma”j.j+1 (Gamma” i+i)
0.141
0.20 0.03578 1.05E-10 1.04E-05
5.55E-06 0.40 0.217
1.00 1.64E-07 0.80 0.11836
2.60E-06 0.43
0.18 2.59E-04
1.64E-06 0.50 0.174
0.97 1.00 0.047297
5 18.6 0 1.7E-12 3.84E-07
0.65 0.77 537.077
6 10.0 38403 1.9E-12 4.56E-07
0.53 0.8 480.019
7 5.3 26.085 1.3E-11
0.77 0.8
3.99E-06 1.3E-11 3.22E-06
1.00 1.00 2.16E-07
1 3.01E-11 9.0E-13 8.25E-07
1.7E-11 6.35E-06 0.8
10 2 1.80E-06 0.50 0.316
1.6E-15 5.36E-08 0.54 3.02E-05
11 8.66E-06 l.lE -10  1.69E-05
.00 7.14E-07 4.12E-13 7.79E-07
12 7 7.93E-06 0.14 0.121
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  Probability of capture 
S -  Probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Chaetodipus spp population estimates using the Robust Design Model in Area 1 
Tamarisk
St.Error
i N-hatj (N-hatj)________gj_______ S.E. (pj)
S.E. S.E.
Sj.i+i (Sj i+i) Gamma”; j+i (Gamma” j^ ,)
1 6 3.08E-07 1.00 6.66E-09
1.00 6.59E-08 0.83 1.74E-03
2 3 2.39E-08 1.00 9.46E-09
3 2 7.79E-08 0.50 0.204
4 6 4.02E-07 0.36 132.343
5 1 4.60E-07 1.06E-12 2.22E-06
6 0.4 0 9.67E-11 8.65E-05
7 1.2 1720 2.4 IE-13 4.30E-06
8 I 8.85E-07 5.45E-09 3.00E-04
9 1 9.30E-06 8.59E-08 0.000
10 4 0 0.33 0.272
11 8 1.21E-07 1.00 1.66E-08
12 8 0 0.33 0.157
1.00 5.86E-07 0.67 2.60E-01
0.56 0.501 1.92E-05 1.29E+00
0.20 0.153 1.92E-15 4.25E-08
1.00 2.49E-08 1 5.48E-07
.00 2.63E-07 1 1.78E-07
1.00 6.79E-08 4.22E-13 4.61E-07
1.00 5.88E-07 8.00E-15 1.07E-07
1.00 1.83E-07 7.00E-14 2.91E-07
0.50 0.246 2.86E-13 3.29E-07
0.87 397.687 0.57 199.2778
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Chaetodipus spp population estimates using the Robust Design Model in Area 2 
Tamarisk
S..E.
i N-hat; (N-hatj) S.E. (Pj)
S j .  i+1
S.E. Gamma";
( S j .  i + i ) _______________i+1
8.90E-06 1.00 6.66E-09
1.12E-14 6.86E-08 0.13
S.E.
(Gamma",
 i+d____
4.52E-05
1.00 9.49E-09
0.75 0.21651 5.77E-15 1.35E-07
6 8.21 E-06 0.50
.59E-10 0.36
0.204
132
0.50 0.20412 1.60E-13 1.79E-07
0.33 0.27217 4.19E-15 9.16E-08
.27E-12 1.06E-12 2.22E-06
1.00 3.14E-07 1.00 6.57E-05
6 0.03 9.67E-11 8.65E-05
1.00 5.77E-08 0.72 1256.11
7 0.03 2.38E-06 2.41E-13 4.30E-06
1.00 5.44E-07 0.11 0.00
10
1 6.55E-06 5.45E-09 3.00E-04
7.10E-06 8.59E-08
2.24E-11 0.33 0.27217
1.00 3.05E-07 3.61E-16 2.88E-08
1.00 4.29E-07 3.34E-14 2.58E-07
0.33 0.27217 1.42E-09 6.95E-04
1.90E-14 1.00 1.66E-08
0.51 0.02
12 9.16E-06 0.33 0.15713
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Dipodomys merriami population estimates using the Robust Design Model for Area 1
Creosote
S.E.
i N-hatj (N-hatj)
.90E-05 0.50
S.E.
JPl)
S.E. S.E.
Sj. i+1_______(Sj i+i) Gamma"; j+, (Gamma” ;+,)
0.161
0.50 0.333 1.95E-09 4.77E-06
3.23E-05 6.8E- 9.51 E-06
1.00 .78E-05 4.97E-10 2.00E-05
7.6 IE-05 2.73E-12 1.49E-06
.00 1.28E-05 8.77E-12 2.89E-06
4.94E-05 2.9E-11 2.62E-07
2.67E-10 9.54E-06 0.14 178.7447
1.52E-08 0.33 0.270
026 13.9 1.00 3.53E-05
6 418 266490.79 5.9E-13 4.89E-08
0.84 0.10
7 749 371194.87 6.8E-14 1.35E-08
0.91 0.65 165.805
7.99E-05 0.50 0.251
1.00 1.85E-06 7.72E-11 7.77E-06
1.75E-05 0.33 0.199
0.67 0.184 .06E-06 0.00279
10 3 6.95E-06 0.33 0.127
0.37 0.10
2.89E-05 8.6E-11 2.20E-06
0.53 12.133 0.05 21.901
12 3 2.19E-05 0.98 69.697
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Dipodomys merriami population estimates using the Robust Design Model for Area 2
Creosote
St.Error S.E.
i N-hatj (N-hatj)________ gi________ (Pi)
S.E. S.E.
Sj.j+, (Si i+i) Gamma” ,i+1 (Gamma”
1 4 9.49E-07 0.25 0.205
0.50 0.249 0.50 0.297
2 2 0 0.50 0.313
1.00 5.28E-06 0.50 0.309
3 2 3.87E-06 0.50 0.278
0.67 0.252 2.77E-11 6.23E-06
4 2 5.18E-06 0.50 0.333
1.00 3.53E-06 9.30E-11 6.91 E-06
5 3 6.63E-07 0.67 0.228
1.00 3.64E-07 7.61E-13 6.34E-07
6 4 3.51E-07 0.25 0
0.75 0.202 l.OlE-10 6.03E-06
7 4 1.97E-06 0.25 0.107
1.00 2.06E-06 3.87E-13 3.98E-07
8 8 0 0.38 2.29E-05
0.73 3.166 0.32 2.968
9 5 2.58E-60 0.52 13.819
0.55 3.897 0.27 5.124
10 3 2.16E-06 0.33 0.220
1.00 0.157 0.33 0.292
11 2 2.21 E-06 0.50 0.343
1.00 2.35E-06 3.96E-13 3.48E-07
12 3 7.17E-07 3.33E-01 0.0956
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Dipodomys merriami population estimates using the Robust Design Model for Area 1
Saltbush
S.E. S.E.
i N-hatj (N-hat;)________ gj_________ (Pi)
S.E. S.E.
Sj i+1_______ (Sj.j+i) Gamina’V j+1 (Gamma”j
1 7 1.16E-07 0.14 0.132
0.57 0.187 1.28E-13 5.09E-07
2 8 1.47E-07 0.38 0.171
0.25 0.153 4.68E-13 1.13E-06
3 2 4.01 E-06 0.40 0
0.90 448.688 0.44 277.903
4 3 6.56E-13 0.33 0.272
9.15E-15 7.11E-08 0.98 2.82E-05
5 1 1.48E-07 0.99 0
1.00 2.92E-07 6.04E-14 3.48E-07
6 2 1.29E-07 5.14E-13 7.17E-07
1.00 3.09E-07 3.55E-14 1.88E-07
7 2 4.38E-06 1.82E-14 1.35E-07
1.00 1.37E-07 9.66E-15 9.83E-08
8 4 7.34E-13 0.50 0.250
0.50 0.250 1.35E-12 2.61 E-06
9 2 1.16E-11 0.50 0.354
0.52 0.0 0.03 0
10 1 3.33E-06 2.96E-13 8.58E-07
0.99 310.472 0.97 235.084
11 0.01 120.46138 9.09E-11 6.13E-05
2.59E-12 5.13E-06 0.50 1030.056
12 1 1.77E-08 0.77 0
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Dipodomys merriami population estimates using the Robust Design Model for Area 2
Saltbush
S.E. S.E.
i N-hatj (N-hatj)________gj________(Pi)
1 1 E15E-05 0.11
1.29E-05 0.03
5 1403726 0
7 162
10
1.2GE-06 0.26
6.78E-06 0.50
134
S.E. S.E.
Sj. i+1_______(Sj i+i) Gamma”; hi (Gamma”, j+Q
2.3 IE-11 7.06E-08
1.00 5.57E-06
.78E-10 8.42E-06
1.00
1.64E-05 2.23E-10 2.19E-05
2.19E-07
3.69E-12 1.05E-07
1.43E-04
2.90E-12 1.08E-06
5.15E-14 2.53E-08
4.62E-06 1.62E-10 1.23E-05
5.16702
0.267
12
1.9 IE-14 9.77E-09
3.22E-11 4.68E-07
0.42
1.54E-05
1.00 8.28E-06
1.00 1.23E-05
0.74 10.3928
0.18
0.61
1.00
1.00
0.17
0.45
1.00
0.35
1.00 2.88E-06 8.34E-11
0.46
0.23
0.48
l.OlE-05
4.51 E-06
3.67E-05
620.3347
7.96E-06
7.5972
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Mus musculus population estimates using the Robust Design Model for Area 2
Saltbush
S.E. S.E.
i N-hat; (N-hatj)________ gj________ (Pi)
S.E. S.E.
Sj.i+i (Sj j+i) Gamma”;, i+1 (Gamma’\  i+i)
1 0.2 L08E-07 5.63E-15 2.42E-10
0.45 0 0.45 0
2 0.2 E19E-07 5.74E-15 2.32E-7
0.45 0 0.45 1.5 IE -16
3 0.2 l.lOE-07 6.1 IE-15 8.38E-09
0.45 0 0.45 5.17E-08
4 1 0 0.45 4.64E-06
0.02 7.38E-08 0.67 8.15E-09
5 0.2 7.51E-07 3.29E-13 1.30E-06
0.28 1.98E-08 0.46 1.29E-08
6 0.2 7.65E-08 3.94E-14 2.78E-07
0.41 1.33E-08 0.45 0
7 0.2 3.24E-07 6.87E-14 7.34E-07
0.44 2.25E-08 0.45 1.77E-08
8 0.2 1.71E-07 4.76E-14 3.46E-07
0.45 3.71 E-08 0.45 1.22E-08
9 0.2 1.53E-07 9.40E-15 2.35E-07
0.45 2.64E-08 0.45 2.04E-08
10 0.2 1.27E-07 6.33E-17 1.64E-08
0.45 2.48E-08 0.45 l.OOE-08
11 0.2 1.37E-07 1.17E-15 6.00E-08
0.45 1.30E-08 0.45 0
12 0.2 1.50E-07 3.41E-15 1.32E-07
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Mus musculus population estimates using the Robust Design Model for Area 1
Tamarisk
S.E. S.E.
i N-hatj (N-hatj)________ gi________ (Pi)
S.E. S.E.
Sj. i+1 (Sj j+i) Gamma” j+1 (Gamma” j+i)
1 0.0 2.00E-07 9.65E-14 2.27E-06
0.45 0 0.45 2.14E-15
2 2 0 1 1.08E-08
0.14 2.23E-06 0.02 7.62E-08
3 0.0 1.16E-09 2.44E-15 1.26E-07
0.59 2.19E-06 0.46 7.94E-07
4 0.0 1.66E-08 5.22E-15 2.84E-07
0.48 2.19E-06 0.46 4.70E-07
5 0.0 2.46E-08 9.53E-15 4.82E-07
0.45 2.85E-06 0.45 7.94E-07
6 0.0 1.06E-07 9.45E-14 1.81 E-06
0.45 2.69E-06 0.45 5.54E-07
7 0.0 1.64E-07 1.37E-13 2.43E-06
0.45 2.47E-06 0.45 1.58E-06
8 0.0 9.54E-08 1.97E-14 9.74E-07
0.45 1.91 E-06 0.45 1.40E-06
9 0.0 4.62E-08 3.50E-15 4.22E-07
0.45 1.48E-06 0.45 7.37E-07
10 0.0 4.04E-08 3.90E-15 4.51E-07
0.45 1.48E-06 0.45 1.19E-15
11 0.0 1.08E-07 3.56E-14 1.37E-06
0.45 1.06E-06 0.45 1.06E-06
12 0.0 1.24E-07 4.94E-14 1.62E-06
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
85
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Mus musculus population estimates using the Robust Design Model for Area 2
Tamarisk
S.E. S.E.
i N-hatj (N-hatj)________ gj________ (Pi)
S.E. S.E.
Sj.i+1 (Sj i+i) Gamma” . j+i (Gamma” j+Q
1 0.4 3.09E-08 9.23E-16 2.17E-08
0.45 0 0.45 1.34E-16
2 2 3.59E-18 0.51 l.OOE-06
1.82E-14 2.72E-08 0.99 4.91 E-08
3 2 0 3.49E-17 3.08E-12
1.34E-17 2.25E-10 0.23 1.04E-10
4 I 0 1.29E-17 4.40E-09
0.10 1.47E-08 0.70 1.35E-08
5 0.2 2.63E-08 6.88E-18 6.61E-10
0.40 2.11 E-08 0.47 1.52E-08
6 0.4 .9.5938e-8 2.82E-18 3.85E-09
0.43 1.53E-08 0.46 5.00E-09
7 0.4 5.70E-08 0 0
0.44 2.32E-08 0.45 1.43E-08
8 0.4 1.92E-08 3.59E-17 6.38E-10
0.45 9.97E-09 0.45 8.8 IE -17
9 0.4 2.17E-08 3.90E-18 4.81E-09
0.45 3.46E-09 0.45 1.21 E-08
10 0.4 8.95E-09 6.72E-17 4.54E-09
0.45 3.46E-09 0.45 3.90E-09
11 0.4 8.02E-09 l.lOE-16 5.56E-09
0.45 2.96E-09 0.45 2.96E-09
12 0.4 6.62E-09 1.23E-16 6.34E-09
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Neotoma lepida population estimates using the Robust Design Model for Area 1
Saltbush
S.E.
i N-hatj (N-hatj) Pi
S.E.
(Pi)
0.7 3.21 E-07 3.63E-16 3.11 E-08
0.7 9.71E-05 8.58E-16 1.49E-08
3820 2.09E-15 7.48E-08
S.E. S.E.
Sj.Hi (Sj i+i) Gatnma” , i+1 (Gamma”j, j+i)
4 0.7
5 0.7
0
0
1.45E-15 6.22E-08
1.24E-15 5.75E-08
6 0.7 2.27E-07 4.94E-16 3.63E-08
7 0.7 2.80E-07 l.OlE-15 5.20E-08
8 0.7 2.79E-07 2.30E-16 2.48E-08
9 0.7 3.25E-07 1.81E-16 2.20E-08
10 0.21 0.001025
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45 2064.43
3.91E-15 0.50 0.354
9.76E-19 1.13E-09
12 1 4.32E-16 1.00 3.43E-06
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
1.00
0 J 8
1.54E-06
4.09E-06
2.10E-07
1.49E-06
1.69E-06
S.13E-07
3.92E-07
3.09E-07
2.32E-06
4.71 E-06
1.77E-06
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Neotoma lepida population estimates using the Robust Design Model for Area 2
Saltbush
S.E.
i N-hatj (N-hatj) _Ei_
S.E.
(Pi)
S.E. S.E.
Sj i+1_______(Sj j+i) Gamma”j. j+, (Gamma”j. j+i)
1 0.6 3.24E-08 2.55E-17 9.41E-09
2 1 0 2.6 IE-17 7.23E-09
1
3 0.5 2.25E-08 5.45E-17 1.51 E-08
4 0.6 4.04E-08 5.50E-17 1.35E-08
5 0.6 2.79E-08 1.02E-17 5.89E-09
6 0.6 3.22E-08 6.26E-18 4.64E-09
7 0.6 3.47E-08 5.34E-18 4.30E-09
8 0.6 3.27E-08 2.86E-17 9.95E-09
9 0.6 2.79E-08 4. H E -17 1.19E-08
10 0.6 3.63E-08 5.38E-17 1.37E-08
11 0.6 3.34E-08 4.39E-17 1.23E-08
0.45 0 0.45
.64E-11 5.84E-04 0.74
0.19 0.00153 0.47
0.37 0.00122 0.46
0.41 0.00134 0.45
0.42 0 0.45
0.43 0 0.45
0.43 0 0.45
0.43 0 0.45
0.43 0 0.45
0.43 0 0.46 0.00148
12 0.16 5.72E-05
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Neotoma lepida population estimates using the Robust Design Model for Area 1
Tamarisk
S.E.
i N-hatj (N-hatj)
S.E.
(Pi)
9.11 E-06 0.33
3.23E-06 0.50
0.00334 0.60
8.57E-06 0.33
0.47
10 7 5.34E-06 0.29
14 9.53E-08 0.21
12 9 3.57E-08 0.33
S.E. S.E.
Sj. j+i (Sj.j+i) Gamma”j. i+1 (Gamma”j j+i)
3.2 IE -16 9.60E-09
0.71
1.40E-05 0.57 0.18770438
0.250
0.297
0.272
9.81 E-06 1.80E-09 8.68E-05
1.64E-05 1.58E-07 0.014
0.000
3.51
0.110
0.157
0.171 1.86E-13
0.71 0.171
0.94 124
3&5
0.20
1.00 3.79E-07 0.67
0.67 0.180 1.30E-11
0.56 0.221 2.47E-13
1.00 2.56E-07 1.09E-11
1.00 4.26E-07 5.75E-12
0.40
0.63
3.23E-07
0.179
0.19245
1.26E-05
1.00 5.01E-07 1.15E-12 9.74E-07
7.03E-07
4.66E-06
1.00 1.27E-08 1.40E-13 3.75E-07
1.70E-06
79.3
14.7
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Neotoma lepida population estimates using the Robust Design Model for Area 2
Tamarisk
S.E.
i N-hatj (N-hatj)
10
12 4
0.25
0.50
S.E.
(Pi)
S.E. S.E.
Sj. i+1_______ (Sj i+i) Gamma”j j+, (Gamma”i. j+,)
0 4.78E-15 9.85E-08
0.01
2 2.3 0 8.62E-17 8.69E-09
5.69E-05 0
3 1.5 3982 3.97E-17 7.19E-09
4 1.2 8721 1.07E-15 4.17E-08
5 1.2 7686 2.19E-15 6.15E-08
7388 3.88E-16 2.62E-08
7 1.1 7304 2.26E-15 6.29E-08
1.1 7276 l.l lE -1 5  4.45E-08
1.1 7263 1.05E-16 1.37E-08
0.39
0.42
0.43
0.44
0.44
0.44
0 7.5 IE -17 1.23 E-08
7.37E-15 3.05E-07
0.217
0.250
0.50
0.95
0A8
0.47
0.46
0.45
0.45
0.45
0.45
0.46
0.91
0.50
3008.794
3095.627
3150.009
3169.940
3176.601
3179.129
3180.126
2148.821
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Peromyscus eremicus population estimates using the Robust Design Model for Area 2
Creosote
S.E.
i N-hat; (N-hatj)
S.E.
(Pi)
S.E. S.E.
Sj. i+i (Si h i ) Gamma” hi (Gamma” , h,)
0. 7.63 E-08 3.3 IE -15 2.09E-07
2 0.1 3.94E-08 5.10E-16 7.85E-08
3 0.1 5.17E-08 4.45E-16 5.39E-08
4 0.1 2.58E-08 5.37E-16 8.47E-08
5 0.1 2.34E-08 1.68E-17 9.19E-09
6 0.1 8.02E-09 5.42E-20 8.16E-10
7 0.1 2.49E-08 6.79E-16 8.64E-08
8 0.1 7.34E-09 1.58E-17 5.45E-09
9 0.1 2.56E-08 3.45E-16 7.28E-08
0.45 0 0.45
0.45 0 0.45
0.45 0 0.45
0.45 0 0.45
0.45 0 0.45
0.45 0 0.45
0.45 0 0.45
0.45 0 0.45
0.45 0 0.45
10 2 3.19E-26 0.50 4.42E-09
0.20 1.02E-07 0.19
0.1 4.29E-10 8.44E-17 8.58E-14
0,47 8.10E-08 0.47
12 0.1 2.13E-08 1.36E-15 9.00E-08
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability o f survival
Gamma” -  probability of emigrating from trap site and not returning
2.00E-16
4.36E-17
3.24E-16
1.39E-16
1.58E-09
6.46E-08
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Peromyscus eremicus population estimates using the Robust Design Model for Area 1
Saltbush
S.E.
i N-hatj (N-hatj)
S.E.
(Pi)
1 3.58E-09 2.25E-13 1.22E-07
2.15E-08 8.39E-13 6.99E-07
S.E. S.E.
Sj. i+i_______(Sj Hi) Gamma", (Gamma”j j+Q
1.00 4.47E-08 1.72E-13
1.00 8.24E-07 3.53E-13
3.72E-06 0.33 0.2166136
1.55E-05 0.90
0.67
2.26E-07
5 48.9
6 37.9
7
32.
1.64E-13 8.19E-08
8.99E-15 2.68E-08
4.35E-16 1.69E-12
3.27E-14 4.06E-08
0.12
033
038
0.40
2.21 E-08 5.73E-12 2.55E-08
4.35E-12 1.56E-06
10 1 4.82E-13 9.81E-07
6.58E-09
9.72E-13 6.13E-07
1.63E-09 0
12 2 l.OlE-05 6.81E-13 5.42E-10
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability o f survival
Gamma” -  probability of emigrating from trap site and not returning
0.01
0.48
0.48
0.46
0.45
0.47
0.66
0.91
0.95
3.04E-07
3.07E-07
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Peromyscus eremicus population estimates using the Robust Design Model for Area 2
Saltbush
S.E.
i N-hatj (N-hatj) _2l
S.E.
(P il
S.E. S.E.
Sj. ;+]_______(Sj. i+i) Gamma”i. i+i (Gamma”i.j+i)
7.8
2 7.8
10700 1.28E- 1.60E-07
16100 1.03E-11 1.62E-06
0.45
0.45
1 8.93E-06 1.04E-11 2.94E-07
1.81E-04 0.998
2.62E-06 3.86E- 7.66E-08
2.60E-08 7.62E-04
5 18.1 36100 2.33E-12 9.29E-09
6 9.9 22700 2.52E-13 1.78E-08
0.09
0.31
1.06E-05 4.27E-11 4.96E-07
6.76E-12 1.95E-06
8.23E-08 3.02E-09 6.95E-05
1.00 1.78E-06
3.37E-07 0.50
10 5 2.61 E-06 0.40
0.011
0.218
1.21E-07 7.29E-13 9.04E-07
0.21
0.02
15.1
0.248
12 28.6 52600 2.26E-13 1.26E-07
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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0.45
0.45
1.00
0.90
0.47
0.4
0.18
0.50
1.00 3.48E-07 7.48E-12
0.04
0.92
5.63E-06
5.79E-06
0.189
57.151
5.31E-06
0.342
l.OOE-06
69.5
0.00176
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Peromyscus eremicus population estimates using the Robust Design Model for Area 1
Tamarisk
S.E. S.E.
i N-hatj (N-hatj)________ gi________ (Pi)
1 23 5.77E-07 3.79E-01 2.37E+01
2 20 8.29E-06 0.36 0.177
3 20 1.57E-05 0.10 0.067
4 14 8.88E-06 0.43 0.132
5 11 2.34E-05 1.00 1.40E-08
6 8 1.65E-05 0.12 0.117
7 9 1.73E-05 0.22 0.139
8 9 2.43 E-05 0.33 0.157
9 18 8.26E-06 0.22 0.0980
10 15 7.56E-06 0.33 0.122
11 12 7.22E-06 0.50 0
12 8 3.46E-05 0.12 0.117
S.E. S.E.
Sj. i+i (Sj i+i) Gamma” i+i (Gamma” j+d
0.43 0.103 2.29E-13 3.46E-07
0.93 0.126 0.14 0.131
0.89 0.164 0.27 0.161
0.50 0.134 1.20E-13 2.32E-07
0.64 0.145 3.40E-13 5.90E-07
0.75 0.153 2.08E-12 1.36E-06
0.56 0.166 2.28E-14 1.18E-07
0.67 16.207 0.17 20.066
0.97 137.834 0.43 81.032
0.13 44.846 0.50 166.679
0.69 81.142 0.16 98.596
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  prohahility of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Peromyscus eremicus population estimates using the Robust Design Model for Area 2
Tamarisk
S.E. S.E.
i N-hatj (N-hatj)_________ g;________ (Pi)
S.E. S.E.
Sj. i+i_______(S, i+i) Gamma”; (Gamma” j+i)
I 17 5.36E-06 5.29E-01 1.21E-01
1.00 1.42E-06 0.59 0.119
10 4.63E-06 0.40 0.155
13 2.67E-06 0.56 20.019
1.57E-05 0.57 0.187
5 5.42E-04 0 0.09
2.35E-05 8.88E-11 1.52E-05
1.60E-05 1.65E-09 1.19E-04
8 13 1.61 E-05 0.37 0.169
15 1.19E-05 0.47 0.129
10 20 3.48E-06 0.30 0.102
11 9 I.20E-05 0.11 0.105
12 14 9.5 IE -14 0.14 0.935
1.00 3.22E-04 0.50 0.158
0.32 0.123 8.61E-13 1.88E-06
0.57 107.711 1.00 2.21 E-06
0.52 94.330 0.87
0.77 0 0.57
1.00 6.27E-07 1.24E-12 1.57E-06
0.66 0 0.30
0.82 0 0.27
1.59E-14 5.10E-08 0.91
0.56 91.171 0.41 96.544
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Perognathus longimembris population estimates using the Robust Design Model for
Area 1 Creosote
S.E. S.E.
i N-hatj (N-hatj)________ gi_________(Pi)
S.E. S.E.
Sj.i+1 (Sj i+i) Gamma” i+1 (Gamma” j+i)
1 3 2.20E-07 3.33E-01 EI2E-01
1.00 5.65E-07 1.00 1.59E-07
2 1 2.47E-10 1.18E-12 5.41E-07
1.00 3.33E-06 1.00 4.48E-07
3 11 234 3.21E-15 5.02E-09
1.00 2.02E-06 0.16 0
4 8 1960 4.34E-17 2.93E-09
1.00 8.46E-06 0.18 0
5 6 12300 3.49E-14 8.95E-08
1.00 1.69E-05 0.17 0
6 5 17300 1.79E-14 1.76E-08
1.00 3.21E-06 0.14 0
7 5 293 6.20E-15 1.43E-08
1.00 l.OOE-05 0.10 0
8 10 3720 4.65E-14 9.01 E-08
1.00 7.54E-07 0.01 0
9 5 1.21 E-05 0.20 0.116
0.41 341 1.00 9.97E-09
10 3 7.96E-07 0.33 0.159
0.98 434 0.66 151E-07
11 1 8.95E-06 7.18E-17 2.99E-09
1 6.74E-07 7.02E-14 2.83E-07
12 2 6.79E-07 1.29E-13 4.87E-08
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Perognathus longimembris population estimates using the Robust Design Model for
Area 2 Creosote
S.E. S.E.
i N-hatj (N-hatj)______ gj_______(Pi)
S.E. S.E.
Sj. HI (Sj i+i) Gamma’\  n-i (Gamma"; j+J
1 1 1.952-08 8.29E-16 4.63E-08
0.00 312 1.00 6.37E-04
2 1 1.28E-12 6.25E-15 1.19E-07
1.93E-12 8.47E-06 0.95 1515.8177
3 1 4.01 E-06 1.86E-16 2.45E-08
2.33E-10 5.35E-04 0.85 2199.2601
4 2 7870 6.74E-15 9.19E-08
0.13 2080 0.47 1780.5149
5 1 4010 2.88E-17 7.26E-09
0.33 2120 0.46 1819.9576
6 1 3360 5.86E-15 1.09E-07
0.38 2020 0.45 1831.9588
7 1 3350 3.23E-16 2.58E-08
0.40 1980 0.45 1835.0547
8 1 3350 3.73E-15 8.78E-08
0.40 1980 0.47 1784.3504
9 4 0 0.54 0
0.25 0.216 8.77E-14 9.26E-07
10 6 2.44E-14 0.50 0.204
0.23 518 0.27 1663.8467
11 2 1.73E-08 7.90E-14 8.12E-07
0.01 729 0.64 2071
12 3.0 21100 7.23E-16 2.19E-08
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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Perognathus longimembris population estimates using the Robust Design Model for
Area 2 Saltbush
S.E.
i N-hatj (N-hatj)
0.1
2 0.1
3 0.1
5 0.
6 0.1
7 0.1
0.1
11 0.0
12 0.1
S.E.
(Pi)
S.E. S.E.
Sj.i+1 (Sj Hi) Gamma”u+i (Gamma” i+i)
4.50E-15 4.42E-14
0.45 0
7.63E-16 8.3 IE -10
0.45 0
1.15E-15 1.59E-1
0.45
4 0.1 2.23E-08 2.67E-17 5.73E-13
0.45 0
1.34E-15 1.50E-12
0.45 0
3.18E-14 1.41E-11
0.45
0 6.90E-16 4.14E-10
0.45
6.49E-15 3.6 IE -14
0.45 0
9 0.1 5.26E-08 1.24E-16 1.70E-12
0.45 0
10 4 1.57E-09 0.50 2.40E-09
0.15
1.71E-16 7.45E-13
0.70 0
6.54E-17 1.57E-10
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.31
0.44
2.89E-04
4.71 E-05
1.20E-05
3.75E-06
4.58E-06
10.628432
i -  Trapping session 
S.E. -  Standard Error 
N-hat -  Population estimate 
p -  probability of capture 
S -  probability of survival
Gamma” -  probability of emigrating from trap site and not returning
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